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PREFACE TO THE SERIES. 


I 

The first edition of tlie Botanical Text-Book was pub- 
lished ill the year 1842, the fifth in 1857. Each edition ^ 

has been in good part rewritten, — the present one entirely j 

so, — and the compass of tlie work is now extended. More 
elementary works than this, such as tlie waiter’s Lessons 
in Botany (which contains all tlsat is necessary to the prac- ' f 

tical study of systematic Phamogamous Botany by means ; 

of Manuals and local Floras), are best adapted to the 
needs of the young beginner, and of those who do not ; 

intend to study Botany comprehensively and thoroughly. 

The present treatise is intended to serve as a text-book I 

for the higher and completer instruction. To secure the 
requisite fulness of treatment of the whole range of sub- 
jects, it has been decided to divide the work into distinct 
volumes, each a treatise by itself, which may be indepen- 
dently used, while the whole will compose a comprehen- 
sive botanical course. The volume on the Structural and 
Morphological Botany of .Phmnogamoiis Plants properly 
comes first. It should thoroughly equip a botanist for the 
scientific prosecution of Systematic Botany, and furnish 
needful preparation to those who proceed to the study of 
Vegetable Physiology and Anatomy, and to the wide and 
varied department of Ciwptogamic Botany. 


PKEFACE. 



The volume upon Physiological Botany (Vegetable His- 
tology and Physiology) has been prepared by the writer's 
colleague, Professor Goodale. 

The Introduction to Cryptogamous Botany, both struc- 
tural and systematic, is assigned to the writer’s colleague. 
Professor Farlow. 

A fourth volume, a sketch of the Natural Orders of 
PhffiMOgamous Plants, and of their special Morphology, 
Classification, Distribution, Products, etc., will be needed 
to complete the series: this the writer may rather hope 
than expect himself to draw up. 

ASA GEAY 

Herbarium of Harvard University, 

. Cambridge. ■ . 


PEEFACE TO VOLUME II. 


The prcsGnIj volumG is d.GVotGcl to 3* considGrftt-ion of 
the microscopic structure, the development, and the func- 
tions of flowering plants ; that is, to their Vegetable His- 
tology. Organogeny, and Physiology. In the first voluine 
of the Botanical Text-Book these topics were treated only j 

incidentally, or in an elementary manner, as an introcluc- | 

tion to Morphology. 

Cryptogams, or flowerless plants, are treated in tliis 
volume only so far as their study may throw light on 
certain features of the anatomy and physiology of Piiseno- 
gams. The simple structure of many of the flowerless 
plants, especially of those of the lower grades, makes them 
suitable objects’ in which to investigate numerous phe- 
nomena of vegetable nutrition, growth, and reproduction, | 

and they have been extensively employed as convenient 
material for this purpose. Reference must therefore be 
made in the present treatise to some of the more important | 

results. 

Vegetable Histology treats of the minute anatomy of 
plants. A knowledge of its leading facts is indispensable 
to a clear understanding of Vegetable Physiolog}', and 
their presentation must needs precede any satisfactory 
examination of the latter. The technique of Vegetable 
Histology requires special treatment, and therefore con- 
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siderable space has, been devoted to its . appliances and 
methods. This special treatment has been supplemented 
by a series of practical exercises which the student is 
urged to perform in the order designated. It will be 
seen that in some cases several examples are suggested: 
the beginner is advised to examine thoroughly at least 
one of the examples under each head. 

Organogeny, the study of nascent organs, occupies much 
of the middle ground between Histology, Morphology, and 
Physiology. The means by which it is investigated are 
those of Histology, but its answers are given to Mor- 
phology. For convenience, the study of the development 
of each organ of the plant is made to precede the examina- 
tion of its mature state. 

Vegetable Physiology concerns itself with the life of 
plants. The appliances of which it makes use are taken 
chiefly from Physics and Chemistry, and facility in their 
employment demands some practical acquaintance with 
those departments. To one who has worked systemati- 
cally in a physical and chemical laboratory, experimental 
vegetable physiology presents little diflBculty. To aid the 
work of students whose opportunities for experimenting 
in Physics and Chemistry have been slight, a series of 
practical exercises in Experimental Physiology has been 
added. The appliances selected for these examples are 
not complicated or expensive, and it is hoped that teachers 
and students alike may find their employment practica- 
ble. The Praxis embodies in compendious and conven- 
ient form the directions which have been employed by 
the author in his classes. 

The illustrations of tissues and of apparatus have been 
taken from many sources. They have been selected with 
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reference to the special needs of those students to wliom 
the larger works and the current Journals are not easily 
accessible. The same rule has been largely followed in 
the treatment of citations from authorities. Where it has 
been possible to do so without too great sacrifice of 
space, the phraseology of the original reference has been 
given. 

In the preparation of this volume the author has had at 
many steps the wise counsel q£ his teacher and associate, 
Professor Asa Geay, to whom he wishes to make his 
grateful ackiio wiedgiii eii ts. 

Ill the proof-reading, verification of references, and In- 
dex, Mr. W. W. Noley, Assista,iit in Biology, has rendered 
aid of great value. His painstaking and good judgment 
have lightened in every way a formidable and burdensome 
task. 

GEORGE LINCOLN GOODALE. 

Botanic Gakden op Haevakd University, 

Cambridge, Mass., August, 18S5. 
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INTRODUCTION. 


HISTOLOGICAL APPLIANCES. 

The instruments and other appliances used in the exami- 
nation of minute vegetable structure are, with the exception of 
a few special ones to be considered later, the tollownng : 

1. Simple microscope. For the preliminary preparation o 
many objects, a simple stage-microscope is indispensabk. It 
slionld be furnished with only the best lenses, preferably doii 
lets or triplets, magnifying from ten to at least twenty diameters. 
The glass portion of the stage should be not less than an inch 
and a half in diameter; supports at the sides of the stage, on 
which the wrists may rest during dissections, are of considerable 
use. If the compound microscope described below is provided 
also with an inverting eye-piece and with an objective of long 
focus, it can be made to serve for most dissections ; otherwise a 
simple microscope should always be at hand. 

2. Compound microscope. When reduced to its simplest terms, 
this consists of a stage, oi' flat support for the object to be ex- 
amined, an adjustable tube carrying two combinations of lenses, 
the olijective and the eye-piece, and Anally some means of illu- 
minating the object. The desiderata to be borne in mind in the 
selection of a compound microscope for use in Vegetable His- 
tology, are : excellence in the optical parts, ease and steadiness 
in thkr adiustment, and simplicity of construction. Other things 
being equal, a microscope with a short tube and with a low 
stand will be most convenient, on account of the large number 
of eases in which reagents must be employed, their application 
requiring a horizontal stage. 
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'3. fliree objectives aad two eye-pieces, from combinations of 
wMch magnifying powers of forty to eight linndrecl diameters 
can be obtained, will suffice for nearly all the histological work 
described in this volume. Two objectives and a single eye- 
piece furnishing powers of sixty to five hundred diameters are 
enough for all ordinary investigations of minute structure. Ade- 
quate and convenient illumination is secured by a plane and a 
concave mirror under the stage. If this is supplemented by an 
achromatic condenser, so much the better. The stage, prefer- 
ably thin, should be provided with a perforated revolving disc, 
or other suitable system of diaphragms, by which its central 
aperture can be made larger or smaller. 

4. The student ought, at the outset of his work, to make 
himself familiar with the principal effects which are produced 
in the appearance of the object in the field of the microscope, 
by changes in the amount and direction of the light thrown by 
the mirror. Details can sometimes be brought out clearl}" by 
oblique illumination, which are only faintly, if at all, seen in 
direct light. 

5. In general, low magnifying powers are to be jmeferred to 
higher ones ; and combinations of high objectives with low eye- 
pieces, securing a given magnifying power, are always better 
than those in which low objectives and high eye-pieces are used 
to obtain the same enlargement. 

6. The slips of glass, or slides,” upon which microscopic 
objects are commonly prepared and preserved, are three inches 
(76 mm.) long by one inch (25 mm.) wide. This is for most 
cases a more convenient size than that frequently employed in 
Germany ; namely, 48 X 28 millimeters. The glass should be 
free from color and from imperfections. The preparation to be 
examined under the microscope should be covered with a disc 
of thin glass before it is brought under the objective. Perfect 
cleanliness of slide and cover-glass is absolutelj^ necessar}' in all 
examinations, and must be secured by the exercise of scrupulous 
care.^, 

7. Dissecting instruments;. Sharp delicate needles, by wMcli 


f For cleaning glass perfectly, the following preparation may be used 
A strong solution of potassic bichromate to which about half as miicli con- 
centrated sulphurie acid is cautiously added. To this mixture add an equal 
volume of water. The glass slips, or covers, are to be kept in this solution for 
a short time, and then thoroughly rinsed in pure water, after which they may 
be dried with cloth or wash-leather, P or ordinary use alcohol of usual strength 
answers the purpose very weU.'" 
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the parts can be separated by teasing, are often better than 
any cutting instruments. They are indispensable m the ex- 
amination of very young flower-buds, and of great use m the 

isolation of tissues under the dissecting microscope. 

8 Sufficiently thin sections of soft parts may be made by an} 
keen-edged knife. A razor of good quality is generally to be 
preferred to the ordinary dissecting scalpel, since its wide and 
stiff blade can be held with greater steadiness, and its steel 
admits of as sharp an edge. As a rule, the razor should be 
dipped in water before using, as this permits the steel to pass 
more easily through tissues.^ If the parts from which sections 
are to be made are too small to be held in the fingers, tliej can 
be firmly seized between slices of pith. It is oftcm convenient 
to imbed the object in paraffin or in an alcoholic solution of 
soap.^ These melt below the temperature of boiling water, but 
are solid at ordinary temperatures, and the latter, if properly 
made, is transparent, A little of the melted imbedding sub-. 
stance is poured into a small cone of glazed paper, and when it 
begins to cool, the object is placed in the middle of the mass. 
Upon complete cooling it is firmly held therein. 

Before putting the object into paraffin it should first be satu- 
rated with alcohol, and 'this replaced by benzol or oil of cloves, 
in order to enable the paraffin to hold the specimen firmly. The 
paraffin may be dissolved away from the sections by application 
of benzol, oil of cloves, or turpentine (see also 110). 

9. Thin sections are best removed from the knife b}" a 


cameFs-hair pencil, and are to be placed at once in water or 
some other liquid. Except in certain cases, watei ma} be used, 
as a medium for the preliminary examination of sections. 

10. Microtome# Any of the simpler microtomes, or section- 
cutters, will be convenient in much histological work, and of 
great use in the preparation of a series of sections from any 
very minute object, since this permits them all to be of exactly 
the same thickness. 

11. ' Measurements. Microscopic objects are measured 1\Y 
micrometers. The eye-piece micrometer can be more rapidly 
used than one on the stage of the instrument; and if its value 


1 Advantage is frequently gained by moistening the edge of tlie knife with 
dilute potassic hydrate before dipping it in water, thus removing traces of 
oil which may have adhered to it during sharpening. But potassic hydrate 
should not he used in this way if reagents are to be subsequently employed. 

2 Made by dissolving enough of any good transparent soap in hot alcohol, 
to form, upon cooling, a firm, clear mass. 
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for the different objectives and tbr the length of tube hm. been 
determined accurately, it is usually preferable. 

The values of the spaces in the eye-piece micrometer are 
ascertained by comparison with known values of the spaces on 
a standard stage micrometer; for example, if one space in the 
eye-piece micrometer corresponds to five spaces of the stage 
micrometer, and the latter has a value of one thousandth of a 
millimeter, each space of the former equals five thousaiKltbs of a 
millimeter. 

The unit of microscopic measurement is the "‘ micro-milli- 
meter,”'^ one thousandth of a millimeter. It is expressed by 
the Greek 

T2. Drawing* An image of the object under the microscope 
may be cast bj’ reflection upon paper at the side of the micro- 
scope, by means of a Camera liiclda. Several forms of the 
Camera lucida are adapted to use with the tube of the micro- 
scope in a vertical position, and are more convenient for the 
majority of cases coming within the scope of the present work. 
Oberhaiiser’s, Milne Edwards’s, and Abbe’s are of this kind. 

13. Polarizing apparatus. This is of great use in the exami- 
nation of certain contents of cells. It consists of two JNicol 


prisms, one below the stage of the microscope and receiving 


the light which is reflected from the mirror, the other in the 


eye-piece. Upon turning one of the prisms, distinctive op- 
tical characters, not otherwise seen, are presented by grains of 
starch, etc. 

14, Media and regents. The fluid in which a microscopic 
specimen is submitted to examination is technically known as its 
medium. Chemical agents subsequently added for the purpose 
of producing changes by which the chemical character of the 


objects may be recognized, are termed reagents. Some of the 


media, however, in common use produce characteristic changes 
in certain cases, and might he as truly referred to the latter 

The substances in 


class as several of the reagents themselves. 



^ For convenience of reference, the following table of comparative measure- 
ments is given : — 

' ■ Inches. 

fi.: 

Inches. 

■ Inches. , 

1 000039 

6 .... 

000236 

2.5399 

2 .000079 

7 ... 

..... .000276 

3 ......... .000118 

8 .... 

..... .000315 

TlfVlT “ ' 25. 3997 

4 .000157 

9 .... 

000354 

5 000197 

10 

..... .000894 

253.99,72 

One meter = 39.370432 inches. 
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which microscopic specimens are preserved are termed mountiug- 

“^15^’ Media. In all ordinary cases pure water is the best 
medium in which to place the object for examination. If t”*- 
tilled water cannot be procured, filtered rain-water or melted ice 
will answer perfectly. In some instances water produces .ui 
immediate change either in the cell- wall or m the contents ot 
the cells. For instance, the superficial cells of the coats of 
many seeds swell up at once when they axe placed in water, and 
lose their former shape ; on the other hand, important contents 
in the seeds of many plants are dissolved immediately when the 
sections are moistened. Hence, other media must be sometimes 
substituted for water. Absolute alcohol (see 40) is the most 


SUU»L!tljULlCl.t i-V/A . - . 

useful for meeting the eases above referred to. Thus, it a s - 


useiiu lUl , , ■ 1 11 A 

tion of a seed-coat be first examined in absolute alcohob and t ie 
alcohol be gradually replaced by water as directed m Iv, the 
changes due to water will take place slowly, and can be watched 
throuo’hoiit For the cases in which the cell contents are sus- 
pected of undergoing change from water, castor-oil is a usefui 
medium. If thought best, this can be removed subsequentiy 
from the specimen by alcohol or ether, and the latter in tinii 
may be made to give place to water, and the changes can be 
followed with certainty. 

16. Glycerin (see 60), either concentrated or somewhat 
diluted with water, is a higidy useful medium, imparting a good 
degree of transparency to most specimens. It withdraws a part 
of the water of the cell-sap, and in the case of thin-walled cells 
this is followed by some change of form. The remarkable effects 
produced upon some of the contents of cells by the action of 
glycerin and similar agents will be referred to under Protoplasm. 

17. One medium may be replaced by another by the careful 
use of bibulous paper. Good filtering paper is the best for this 
purpose. If a little of the liquid w'hich it is desired to place 
under the cover-glass be put at the edge ot the cover, and the 
opposite edge be then touched lightly with the paper, the liquid 
■will be at' once .drawn through. . ■ By successive' applications of 

. the same liquid, the' specimen can be thoroughly washed without 
.removal of the cover- glass. 

' , 18 '. ReacxENts. . Four reagents. are in very common use in 
nearly all histological examinations ; namely, caustic* potash, a 

. ' . . , - . . ■ ' . , . . - j. . : 1 : 


solution of iodine, an acid, and a staining agent. Fveu in ovdi- 


.nary eases, .however, it is desirable., to have a . somewhat wider 
choice than this, and therefore the following brief hints are 
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given , as to the preparation and employment of some of tlie 
most .useful reage,nts. More, detailed directions must be,. souglit 
in special treatises upon micro-chemistry.^ ' The list and the 
o-enerarniles here given will. serve for most investigations. 

T9. It is best to try first, a very small amount .of the reageiitv 
and earefuiiy note its effect before adding more. If it is neces- 
sary to increase the amount, -draw a little through by means of 
bibulous paper, as previously directed. Many reagents are slow 
in producing their effects. " Hence, some time must be allowed to 
elapse before one reagent is replaced- by another, and it is well 
,io some ..cases ' to ..apply slight, -.heat . to .accelerate , or ■ increase the 
action ; but this must be very cautiously done. 

20. 'If one. reagent '.is- to be followed by another,, attention 
.must be given to the effects which the’ reagents^ have upon each 
other, or upon the medium, as well as upon the specimen. For 
instance, small dark crystals of iodine separate from an alcoholic 
solution when this is brought into contact ^vitli water. Removal 
of the cover-glass is .advised in all cases where, one reagent is to 
be washed out before the application of a second, or wliere one 
is to be immediate^ followed by another, provided the specimen 
is not so delicate as to be disturbed by it. Some parts of tlici 
specimen are apt to escape action, if the w^asliing or the intro- 
duction of. several reagents in 'these . operations is condoeted 
without lifting the cover; but by the exercise of great care 
both these opera.tions may be 'carried on .successfully by the use 
of hibuloiis paper without removing the cover-glass. 

. ; 21.^'.Owing■ .to their , importance, ' potash and iodine are de- 
scribed : first. The.\othe'r reagents- are given in alphabetical 
order, for convenience of reference. 

22. PotoA, Potassic hydrate^ Cmcstic potassa^ are names 
interchangeably given to white' solid- potassa and to its solutions. 
This .substance absorbs carbonic acid so eagerly from the. air, 
that it must be kept in glass-stoppered bottles. To prevent the 
stoppers from becoming fastened the action of the alkali on 
the glass, it is well to smear them with vaseline or paraffin. 

23,.. Solutions /of two strengths- are used. ' I. Concentrated. 
Solid potassa is dissolved in the smallest amount of water (not 
far from half its owm weight) by which it wilF become liquid. 
This dense syrupy liquid is too strong for ordinary use. II. A 
common solution made with one part of solid potassa in three, 

^ Consult the following : Botanical Micro-Glieniistry, by PoTiIsen, translated 
by Trelease (Cassino, Boston}/ 1884. Hilfsbnch by Behrens (Schwetschkey 
Braunschweig), 1884. 
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■five, or ten parts of water, depending upon the particnkr case 
ill which it is to be used. 

. 24. For use as a macerating agent in separating cells, a strong 
solution is preferable, and is more efficient when it is slightly 
warmed. For dissolving or rendering transparent most of the 
e*oiiteiits of cells, more dilute solutions are better. Owing to the 
prompt effect produced on the cell- wail, and upion the contents 
■of cells, especially' of y^oiing ones,, a moderately strong solution 
of potassa is the most useful clearing agent that we ha\^e. ' Alter 
a mass of tissue, for instance an embryo, has been acted on. by 
a solution of potassa until it has become translucent, it is to be 
caiitioosly subjected to the action of an acid, preferably- acetic 
or hydrochloric, and then wmshed. A second treatment, or even 
a third, may be necessary to make the object sufficiently clear. 
Sometimes, however, the potassa renders the tissues too nearly 
transparent, in wdiich case they may' be slightly' clouded by a 
little alum-water. This process of clearing tissues 'was first 
used by' Hanstein in the examination of the tissues at points of 
growth, and it is of very' wide applicability'. 

25. Some structures are darkened at first by' the use of 
potassa, but cautious treatment afterw\ards with a dilute acid 
and a second application of potassa will generally produce a 
good degree of transparency. 

26. Potassa is a solvent for many of the substances wlilch 
incriist the cell-wall, but in most cases the solutions must be 
used warm ; in a few instances heated even to boiling. The 
cell- wall, washed after such treatment, will give the cellulose 
reactions (see 145). Suberin can thus be removed from the 
ceil- walls of cork, forming with the potassa ymllowish drops. 

27. As the aqueous solution of potassa causes considerable 
swelling of the cell- wall, it is desirable to have also at hand 
an alcoholic solution. This is best made by mixing 95 per 
cent alcohol with a strong aqueous solution of potassa until a 
cioiidiness appears. The mixture is then to be shaken tre- 
qiiently, and, after a day' or so, the clear liquid above is to l)e 
carefully poured off. This solution may be diluted with alcohol 
if necessary.^ 

, 28. boiiitions of caustic soda can replace potassa in most 
of the, foregoing reactions. The special ■eases in whicli these 
alkalies are employed for the identification of certain contents 
of ceils, will be described later. 


Riissow’s Potash-alcohol 
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2^. Iodine. This element is only very slightly soluble in 
pure water. Upon exposure to strong light, however, a some- 
what larger amount of iodine passes into solution after a while, 
owing probably to formation of hydriodic acid. If it is neces- 
sary to examine the effect of iodine alone, as in certain parts of 
Lichens, a fresh solution should be used. In fact, it is recom- 
mended that in such cases a minute fragment of solid iodine be 
placed in pure water under the cover-glass at the moment of 
examination. 

30. But for all ordinaiy examinations, a solution of iodine in 
water which contains iodide of potassium is used. The propor- 
tions einplojed vary widely. A convenient strength is obtained 
by dissolving one gram of iodine and five grams of potassic 
iodide in enough water to make one hundred cubic centimeters. 
Even this solution is too strong for some purposes. In a few 
eases a different solution is advised, made bj^ dissolving five 
centigrams of iodine and twenty centigrams of potassic iodide in 
fifteen grams of water. ^ But, in general, dilute solutions are 
preferable. 

31. A solution of iodine and iodide of potassium in glyce- 
rin is employed by some. An alcoholic solution is sometimes 
useful. 

32. Iodine is a characteristic test for starch, to wdiicli it 
imparts a blue color, depending for its depth chiefly upon the 
strength of the solution. Iodine in absolute alcohol gives with 
dry starch a brownish color ; if the alcohol is not absolute, that 
is, anhydrous, a blue color is given as with ordinarj^ aqueous 
solutions. 

33. In most cases cellulose is colored pale yellow to deep 
brown by iodine. If the specimen is acted on b}^ concentrated 
sulphuric acid, either just before or just after the application 
of the iodine, a blue color appears. This reaction for cellulose 
is disguised by various incrusting matters, w^ich can be removed 
by strong acids or alkalies ; after their removal the washed 
specimen will give the characteristic cellulose reaction (see also 
148). , 

34. Iodine and a metallic iodide in a strong solution of chlo- 
ride of zinc form a very useful reagent for cellulose, to which a 
blue color is given. The reagent is easily made by dissolving 
pure ziiiG in concentrated hydrochloric acid until there is no 
further action of the acid. The solution, with a little metallic 


' Poulsea, 
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zinc still iindissolved, is to be evaporated to a syrupy consist- 
eiice, saturated with potassic iodide, and lastly enough pure 
iodine added to render the whole a deep red or brown. Gell- 
walls that have iiierusting matters, for instance, cork-cells and 
most wood-cells, are turned yellow by this reagent. It is known 
as Schulze’s reagent. Behrens advises the preparation of modi- 
fications of this important reagent, all depending on the relative 
amount of iodine and the degree of dilution. A little practice 
ill their use will suggest the eases to which each is specially 
applicable. Solutions of iodine color protoplasm, and other 
albuminoid bodies, yellow to deep brown, 

35. Owing to the tendency’ of iodine solutions to form hydri- 
odie acid, it is recoinmended by many authors that they be kept 
out of the light; but this precaution is not necessary unless the 
investigation calls for pure iodine alone ; in such a case it is 
better to use only’ freshly prepared solutions. 

The following reagents are arranged in alphabetical order. 

36. Acetic acuL Glacial acetic acid diluted by’ two or four 
parts of water, or the ordinary' concentrated acid of the shops, is 
used (1) to neutralize the alkali in Hanstein’s method (see 24 ) ; 
(2) to discriminate betw’een oxalates and carbonates, the latter 
dissolving with effervescence in it, the former remaining iin- 
chaiiged in it, but dissolving quietly in hy’drochloric acid ; (3) in 
the study of the nucleus. 

37. Alcohol. Common strong alcohol, or the so-called 95 
per cent,” is widel}’ employed for the preservation of inicTo- 
scopic material. In it soft tissues become hardened. This is a 
great advantage in the case of specimens which are too yielding 
to be cleanly cut when fresh. If it is desirable to again soften 
tissues which have been hardened by’ the action of alcohol, it is 
merely’ necessary’ to soak them for a short time in water, when 
they will assume nearly the consistence they’ had when fresh. 
This reagent produces certain marked changes in the contents of 
vegetable cells : the protoplasmic matters become more or less 
sliru liken, many’ oils and fats are dissolved, and certain sub- 
stances in solution in the ceii-sap are separated out (see 183), 

38. The air which occurs in intercellular spaces and in all 
dry’ specimens is generally removed with ease by the action of 
alcohol, especially if a little heat is applied. 

39. Alcohol is of use also in the preparation of some of the 
^staining: agents.; 

40. Absolute alcohol contains only’ the merest trace of water. 
Hence it must be used instead of ordinary alcohol whenever the 
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specimen is affected hj water, as is the case • with iniicilagi. 
nous tissues, crystalloids, etc. As a reagent for use xnider the 
cover-glass it iS' more satisfactoiy than comiiioii alcohoi, but 
in keeping it the greatest care must 'be exercised to excliicle 
moisture. 

41. Alum. Either potash- or ammonia-alum may be used to 
diminish the transparency of cells which have been acted on by 
potassa (see 24). Alum is a mordant in some of the processes 
for staining (see 98) . 

42. Ammonia., Aqueous ammonia may replace the fixed 
alkalies, potassa and soda, but possesses no advantage over 
them except in its somewhat slower and less violent action. 
For its use in the examination of albuminoids, see 125. Its 
principal use in microscopy is in the preparation of certain 
staining agents (see 77) and cuprammonia. 

43. Anilin chloride. Dissolved in alcohol, this reagent im- 
parts a pale yellow color to lignifiecl cell-walls. Upon addition 
of Imlrochloric acid, the color is much deepened. This is Hohners 
test for lignin. 


44. Anilm sulphate. This substance in aqueous or alcoholic 
solution gives to lignified cell-walls a pale 3’ellow color, which is 
much deeper when the reagent is followed by sulphuric acid, — 
WiesneEs test for lignin. 

45. Argentic nitrate., or nitrate of silver, in extremely dilute 
alkaline solution freshly made, has been recommended for dis- 
criminating between living and dead protoplasm, the former 
turning dark, the latter remaining unchanged (see details in 
FartIL). ' ' 

Asparagin. A concentrated solution of asparagin is 
suggested by Borodin for the recognition of asparagin itself 
when its crystals have been formed in tissues blanched bj’ dark 


ness. 


4 7. Auric chloride., long for staining preparations in 
animal histology, has been somew-hat employed for coloring the 
cells of certain lower plants, and in the same manner as argentic 
nitrate, for detecting the condition of protoplasm. 

48. Benzol is a powerful solvent for various vegetable fats 
and resins. It is also used for the preparation of benzol-balsam 
(see 112), and in dissolving paraffin (see 8). 

49. Calcic chloride. Treub employs this for clearing tis- 
sues. The fresh section, after having been moistened by a 
little water, is covered with diy powdered chloride, warmed 
until it is about dry, and afterwards placed in a little water. 


* 
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from tMs it is to be transferred to gtycerin, where it soon 
'becomes clear. ^ 

50. Calcic hypochlorite in aqueous solution bleaches manj 
tissues without the use of an acid, but, in general, specifnens 
which have been subjected to its action are more thoroughly de- 
colorized if they are subsequently placed in dilute hjiiroehloric 
acid, washed in pure water, and finally transferred to glycerin. 
Preparations whicti have been bleached by this method are easilj^ 
colored by some of the staining agents described on page 15. 
Sodic hypochlorite may replace it in all cases. 

51. Ca^^bon distilphide is used as a solvent for fats. 

52. Carbolic acid, or phenol, dissolved in the least quantity 
of concentrated hydrochloric acid which will take it up, gives 
a green color with lignified cells. It is better to add to a few 
drops of the strongest hydrochloric acid a small quantity of 
■ciystallized phenol, warm the mixture- slightly, and upon its 
cooling add enough acid to remove any cloudiness. 

53. Chloral hydrate in aqueous solution is recommended by 
Arthur Meyer ^ as a clearing agent. Two parts of water are 
added to five parts of chloral, and used somewhat above tiie 
temperature of 15° C. 

54. Chromic acid. The pure acid, in strong solution, acts 
promptly on cell- walls, dissolving all except those whieli are 
silicified and those which are eiitinized. Even the latter yield 
to prolonged action. If the solution is more dilute, the aciion 
goes on only so far as to cause swelling of the cell-wall, bring- 
ing out, in special cases, a very distinct stratification. Solutions 
which are so dilute as to be merely pale j^ellow cause hardening 
of soft tissues, and this acid therefore forms an excellent adju- 
vant to alcohol for this purpose (see Part II.) . 

65. Ouprammmiia, To a solution of cupric sulphate add 
eiioiigii soda (or potassa) to produce a precipitate. After 
removal of the excess of liquid by filtration, place the precipitate 
ill a flask, wuish once with water which has been freed from air by 
boiling, and then dissolve the mass in the least quantity of con- 
centrated ammonia wiiieh will take it up. The freshly "prepared 
solution should act promptly on delicate fibres of cellulose, 
cotton ior example, causing them to sw^ell and apparently pass 
into solution. Lignified and cutinized cell- walls are not acted 


1 Flahault: Aceroissemeiit temiinal de la racine. Ann. des Sc. nat., 1874 
vL ; p. ,24. 

2 Pas Chlorophylikoni, Leipzig, 1883. 
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upon until the foreign matter has been removed by the agents 

previoiisl}” spoken of (see 26). 

This reagent, known as Schweizer’s,^ possesses its chief in- 
terest from the fact that it is the only liquid known in which 
cellulose appears to dissolve without essential change of compo- 
sition. It has a limited application in the discrimination of 
fibres used in the arts. 

56. OivpriG acetate in aqueous solution is used as a preparatory 
liquid for the examination of resins. The part to be examined 
is kept in a concentrated solution for some days, and seetions 
are then made from it. If certain resins are present, they will 
appear of a green color. The above is Franchimont’s test based 
on a reaction discovered by Unverdorben.^ 

57. Cupric sulphate in saturated aqueous solution is used 
for the detection of certain carbohydrates (see 184) and albuini- 
noidal matters (see 124). Commercial l)lue vitriol, reerystallized 
two or three times, will answer for all ordinaiy cases. 

58. Ether is used as a solvent for fats, etc. 

59. Ferric chloride in aqueous solution was formerly recom- 
mended as a test for the tannins;® the tannin of oak-bark lie- 
coming bluish-black ; that in the leaves of the suinueh, greenish- 
black. But the distinctions are not constant. Ferric acetate 
and sulphate are now more general!}' used than the chloride as- 
a test, and are better. 

60. Glycerin. Only the purest glycerin should ever be em- 

ployed in microscopic examinations. Tlie following are aiiioiig 
the most important of its many applications: 1. In clearing 
specimens. It is used not only as an adjuvant in the Hanstein 
and other methods of clearing, but, in many cases, it serves well 
without any other reagent. 2. To cause withdrawal of water 
from fresh cells, the degree of effect depending on the strength 
of the glycerin. 3. In the examination of protein granules 
(see 175). 4. As a test for iiiulin ; this substance separates 

sooner or later in the form of sphmrocrystals. 5. As a solvent 
for iodine (see 81). 

61 . Hydrochloric acid. Pure concentrated acid is one of tlie 
most satisfactory agents for the maceration of woody tissues. 
When dilute, it serves for the discrimination between carbonates 
and oxalates, the former dissolving with effervescence, the latter 


* Schweizer: Vierteljahrsschrift natur. Ges., Zurich, 1857. 
2 Behrens: Hilfshuch, p. 377. 

® Watts’s edition of Fownes’s Chem., p. 672, 
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witlioiit. , It' must be remembered that acetic acid dissolves 
carbonates, but not oxalates (see 36). 

This acid lias been used by Pringsheim ^ in tlie study of 
ciilorophyll grains ; fresh sections of tissues containing cliloro- 
phyll being exposed to the action of the acid for some hours. 
From the grains, minute spheres of a brownish color become 
neaii}" detached, and these afterwards appear as clusters of 
acicular ciystais (see Part II.). H\’drochloric acid is also of 
use in the examination of some protein matters (see 1*24). 

62. Indol (Niggi’s test^ for lignin) is used in an aqueous so- 
lution. The specimen, subjected to the action of the solution lor 
a few iiiiniites, is transferred to sulphuric acid of specific gravity 
1.2 (made b.y adding one part of concentrated acid to four parts 
of water). Lignified structures become red. 

63. MerGUTic chloride^ or coiTOsive sublimate, dissolved in 
fifty parts of absolute alcohol renders protein grains insoluble 
in water. Pfeifer® recommends that the specimen should remain 
in this reagent at least twelve hours. Dippel^ uses a dilute 
aqueous solution (1 in 500) to render visible the currents in the 
most delicate threads of protoplasm (and for the demonstration 
of the nucleus without affecting the other contents of the cell). 

64. 3iUlo7i''s reagejitj commonly called acid nitrate of mercury, 
is best prepared, according to its discoverer, by pouriug upon 
pure mercury its own weight of concentrated nitric acid. For 
a short ' time the action is violent ; when it subsides a little, 
gently warm the liquid until the metal is completely dissolved* 
The solution is immediately diluted by twice its volume of pure 
water. After a few hours the liquid is to be decanted from the 
crystalline mass which has formed, and it is then ready for use.® 

This reagent is more efficient when fresldy made. 

Albuminoid substances are colored red by this reagent even 
in the cold, but much more readily upon the application of heat. 
According to Millon, the reaction is due to the presence in the 
liquid of both mercuric nitrate and nitrite. 

This reagent has been emplojmd for the demonstration of the 
stratification and spiral striation of certain cell- walls. 

65. Nitric acid gives to protein matters a yellow color, 
which 4s intensified upon the subsequent use of ammonia. The 


1 Pringsheim’s Jahrbiicher, Bd. xii, p. ; 

2 Flora, 1881, p. 545, et seq, 

S Pringsheim’s Jahrbiicher, viii. p. 441, 
Bippel: Das Mikroskop, i. p. 281. 

^ Quoted fronr Behrens: Hilfsb. p. 247. 
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same treatment, especially' if the slide is sligiitlj warmed,^ colors 
the so-called intercellular substance yellow. The acid is also 
used as a test for suberin (see 158). 

66. Osynic add (perosmic acid) is very volatile, and there- 
fore is best preserved in sealed glass tubes until wanted for use, 
w^hen the tube can be broken under water. Even from the aque- 
ous solution the irritating acid escapes in small amount, render- 
ing it a disagreeable reagent to work with. The solutions are 
usually of one per cent strength. 

Oils are colored brown by the reduction of the acid to me« 
tallic osmium on the surface of the drops. Living protoplasm 
is killed at once by even dilute solutions of this acid, and there 
is usually more or less discoloration of the different parts. 
Hence it is a useful agent for arresting the processes of cell- 
division and growth at any desired stage. Advantage is some- 
times gained^ according to Poulsen,^ by the combination with it 
of chromic acid. 

67. (see carbolic acid, 52). 

68. PliloToghidn^ used b}’ Wiesner as a test for ligiiin.^ 
The specimen is first acted on by hydrochloric acid, and then 
moistened by a solution of phloroglucin in water or alcohol. If 
the cell-walls are lignified, they wnll at once assume a red color. 
H5hnel® suggests the employment of a strong decoction of cherry 
wood instead of the phloroglucin. Used in the same way, it im- 
parts a violet color to lignified cells. This test is hardly so 
satisfactory as the other. 

69. Fotassic bichroynate in aqueous solution is used to harden 
tissues, and is about as good as chromic acid. It has been also 
employed by Sanio^ for the detection of tannin. 

70. Fotassic chlorate, used with nitric acid, is the most con- 
venient macerating agent. If a few small ci\ystals of this salt 
are added to a little concentrated nitric acid in a test-tube con- 
taining a fragment of wood, and the liquid is carefolly warmed, 
violent action begins somewhat below the point of boiling, and 
the wood is speedily disintegrated. By selecting acid of the 
right strength, and by careful regulation of the heat applied, the 
action of the liquid can be kept well under coiitroi, so that 
almost any degree of action can be obtained. It is not safe to 
use this reagent in the room where delicate apparatus is kept, 

^ MilcTochemie, p. 19. 

2 gitzxmgsber. Akad, Wien, 1878, p. 60. 

8 Ib. 1877, p. 685. 

^ Bot. Zeitung, 1868, p. 17. 
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since the gases evolved act upon metals. This . is Schulze's 
macerating process. 

71. Fotassic 7iitTate^^ used in the examination of proto- 
plasm (see Part II.). 

72. Mosolic acid^ or corallin, dissolved in water containing a 
trace of soclic carbonate, forms a purple fluid which colors vege- 
table mucus red. It is used also to demonstrate the striictore of 
crib rose- tissue.*-^ 

73. Schioeizer^s reagent (see cupraminonia). 

74. jSodic c/do 7 dde (common salt), used in aqueous solution 
ill the examination of protoplasm (see 120). 

f 75. Sugar. Cane sugar dissolved in water to form a thick 

syrup is allowed to act for some time on tissues containing pro- 
toplasm : a drop of concentrated sulphuric acid is then placed * 
on the object, when the protoplasm will take on a faint rose-red 
color. The reaction is uncertain. 

j 76. Sulphuric acid. Pure concentrated acid is used as an 

adjuvant in inaiiy tests, 6.^., with iodine solutions in the identi- 
fication of cellulose, but it is also of great use by itself in break- 
f iiig clown cellulose. By it, a cellulose wmll can be destrc> 3 V‘d 

without destruction of the protoplasm within (see 141). 

77. Stainiisg agents. A few of the chemicals in the foregoing 
list impart to certain tissues, and certain contents of cells, colors 
which have a good degree of permanence when the specimens 

' are preserved in a suitable medium. But the colors produced 

by most reagents are fugitive, and serve onl}’ a teniporary pur- 
pose. When, therefore, it is desirable to stain or tinge a given 
part of a specimen permanent!}’, recourse must be had to dyes 
! ' which do not readily fade. 

78. Some of these have been long in use in Vegetable His- 

- toiogy for the purpose of preparing attractive specimens for the 

demonstration of tissues, but it is onl}’ within a recent period that 
they have been successfully emploj’ed in the stud}’ of cell-divi- 
sion. In the examination of the changes which take place in 
the interior of cells during division, they are indispensable: in 
the examination of the tissues themselves, their use is for from 
satisfactoi’y. As will be specially shown later, the chemical 
differences between the cell-walls of certain tissues which it is 
desirable to distinguish from each other under the microscope 
are not very great, and they often behave alike as respects 


^ Treiib: Katurk. Verh. d. koningl. Akad. vol xix., 1878, p. 9. 
2 Behrens: Hilfsbnch, p. 313. 
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staining agents. ' Hence it ■ is impossible to lay down rules 
wliich will apply to all eases in which tissues are to be stained : 
the staining of the nucleus,. however, can be readily secured by 
following the explicit directions given in the chapter on Ceil- 
growth.” 

79. Of the w^hole class of staining agents, it may be said that 
exposure to strong light diminishes the brilliancy of the coloring 
they produce in the specimen, and in many eases completely 
destroys it. In general, the staining obtained l)y allowing the 
specimen to remain for a long time in a cliliite solution of a 
dye is more satisfactoiy than when a stronger dye is used with 
haste. 

80. Carmin. Twm grades are readily procurable in this coun- 
try: namely, (1) Ko, 40,” (2)i'‘ Orient.” The former is the 
cheaper, and will answ’er for all cases described in this treatise ; 
but attention must be called to the fact that it is sometimes 
adulterated, and hence it may be found necessary to change the 
proportions given in the following formulas. A good (‘anriiii, 
even of the grade lirst mentioned, should letive only little residue 
wiien placed in strong ammonia. If more than a trace of resi- 
due is found, the amount of earmin in the formuia iimst be 
pro|)ortionately increased, 

81. Aminonia-carmin, Pure powTlered earmin is rubbed 
up with a little water to form a thin paste, enough strong am- 
monia to dissolve it is cautiously added, and the whole is then 
filtered. The fdtrate is to be evaporated slowly over a w^ater- 
bath. The dried mass dissolves readily in wurter, forming a 
clear liquid which keeps well ; but it is better to preserve the 
mass in a tightly-stoppered bottle, dissolving it only as required 
(Hartig’s earmin).^ 

82. A modification of this earmin is made as follows: ,2 to 
.4 gram of earmin is shaken up with 80 c. c. of wmter, and a 
few drops of ammonia added. A part of the caniiin dissolves, 
and is to be filtered. If the filtrate smells strongly of ammo- 
nia. it is allowed to stand for half a day under a bell-jar. A 
dro}) of ammonia will re-dissolve any slight trace of earmin 
which may separate. This fluid is to be added to water, drop 
b\ drop, until the right color is obtained (Geiiach’s ammoiiia- 
cafmin).^ 

83. If, to the filtrate last mentioned, 80 grams of glycerlE 


1 Dippel ; Das Mikroskop, i. p. 284. 
^ Behrens : Hilfsbuch, p. 257. 
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and 10 grams of strong alcohol are added, a liquid is obtained 
which is known as Frej’s glveerin-carmin. 

84. JBe<:de\s carniin is nearly the- same. Ten grains of eaniiiii 
are placed in a test- till te, and half a drachm of strong ammonia 
added ; the mixture is shaken, and gently heated over a spirit'- 
iamt 3 . The solution is to be boiled for a few seconds and then 
allowed to cool. In an hour two oimces of gljx^eriii and two 
ounces of water are to be added, together with half an ounce of 
alcohol ; the liquid is then filtered.^ 

85. Thiersch\s boixix-ccirmin.^ 2 grams of borax are dis- 
solved in 28 c. c. of distilled water, and .5 gram of earmiii 
added. The solution is next mixed wdth 60 c. c. of absolute 
alcohol, and filtered. 

86. Thiersch's oxalic<icid ca/rrmn^ 1 gram of carmin is 
dissolved in 1 c. c. of ammonia and 3 e.c. of water. Another 
solution is prepared b}’- dissolving 8 grams of crystallized oxalic 
acid in 175 c.e. of ’water. The two solutions are then mixed, 

16 c.c. of absolute alcohol added, and the whole filtered. This 

« 

liquid is violet when ammonia is in excess ; orange, if too much 
oxalic acid is present. 

87. Gre7iacheTs aktm-ciirmin^ Carmin is dissolved in a 
soliitioii of potash-alum or ammonia- alum until the ix^qulred 
color is obtained. This has been modified by Tangl as follows : 
To a saturated solution of alum, enough carmin is added to give 
a deep color (1 grm. in 100 c.c. of solution), the whole boiled 
for ten minutes, and filtered upon cooling. 

88. Woodward's ca7*mm, Pnlverized carmin 74 grains, 
wmter of ammonia 20 drops, absolute alcohol half an oiiuce, 
gh’cerin 1 ounce, distilled ivater 1 oimee. Put the pulverized 
carmin in a test-tube and add the ammonia. Boil slowly for a 
few seconds, and set aside uncorked for a clay, to get rid of the 
excess of ammonia. Add the mixed water and glycerin, and 
next the alcohol, and filter.’’ 

89. Garmin loith picric acid. This agent, known as Raii- 
vier s pierocarmin, is made by cautiously adding to a concentrated 
solution of picric acid enough ammonia-carmin solution (81) 
to saturate it, and then evaporating to one-fifth the volume. 


1 Beale: How to Work with the Microscope, p. 125, 

2 Behrens: Hilfsbuch, p. 258. 

8 Behrens: Hilfsbiich, p. 257. In Dippel(Das Mikroskop), p. 285, the pro^ 
portions are somewhat different. 

•• Areliiv. fur Mikrosk. Anat., 1879, p. 465. Tangl, in Piwsli. Jahrb.. 
Bil. xii.. ISSO, p. 170. . ^ 



2 







IKTBODTJCTIOl^, 


Upon cooling, a slight sediment is deposited. After filtration 
from this sediment the liquid is evaporated to dryness, and 
afterwards dissolved in water in the proportion of 1 : 100. 

Another formula is : 1 gram of carmin and 4 c. c. of concen- 
trated ammonia are mixed with 200 c.c. of water, and 5 grams 
of picric acid then added. After nearl}’' complete solution the 
clear liquid is poured of*, and exposed to the air for some wrecks. 
The red powder left after this slow evaporation is to be dis- 
solved when required in water in the proportion of 2 ;100, and 
the solution filtered through two thicknesses of filter-paper. 

Cochineal, the substance from which carmin is prepared, may 
be used in aqueous extract, or with alum. The Ibrmula ibr the 
preparation with alum is given as follows : Rub to a tine powder 
one gram of cochineal with one gram of burnt alum ; mix with 
100 c.c. of water, and boil dowm to GO c. c. Wiicn cold, filter the 
solution several times, and add a few drops of caiUolic acid. 

90. IIcBmatoxylin (a dye obtained from logwood) is used dis- 
solved in alcohol, or alum-water, according to circumstances. 

Frey gives the formula : 1 gram of Inmnatoxyliii" is dissolved 
in absolute alcohol This solution is added, drop by drop, to a 
three per cent aqueous solution of alum, until it becomes deep 
violet in color. After exposure to the air for a few' clays, it is 
to be filtered, and is then ready for use ; but a fresh nitration 
will be found necessary after a time. Poulsen advises that a 
few^ drops of a ten per cent solution of alum be added to an 
aqueous solution of hmmatoxylin (.35 gram in 10 c.c. water). 

Aqueous extracts of several other (U'e-w^oods can replace 
haematoxylin in some cases, but they have no advantage over it. 

91. Picric acid (tiinitrophenic acid) in aqueous solution is 
valuable for staining and hardening protoplasm. It may be 
used alone, combined with carmin (see 89), or with nigrosin. 

92. Alkanet-root (alkanna) in alcoholic solution tinges resin- 
ous globules and serves to prepare for cutting specimens wdiich 
contain them. The method of use is described under ‘‘ Resins.” 

93. The coal-tar colors. Under this name are comprised the 
anilin derivatives and a few others of a slightly different origin. 
The following table will indicate to some extent the changes of 
color wdiich may be expected when these dyes are used w'ith 
tissues wdiich have a marked acid or alkaline reaction. But it 
should be observed that the names of several of the dyes are 
loosel} applied, and that the dyes made by different manufac- 
turers are not always of the same character or strength. All of 
the dyes mentioned below are soluble in water and alcohol. 
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Name. 

1 ' Effect of dilute H 01. 

1 Effect of dilute Ammonia. 


Jied dyes. 


Blagenta. 

Safranin. 

Red anilin. 

Acid {izo-rubin. 

Eosin. 

Ponceau. 

Color fades to brown or light 
purple. 

dolor changes to purple, and 
a brown precipitate occurs. 
Deep orange-brown color. 

Slight change of tint. 

Orange precipitate. 

No change of color 

Fades completely. 

Little change. 

Reddish precipitate. 

Little cliange. 

No marked change. 

No change. 


Yellow and Orange dyes. 


Solid yelloviT. 

Orange “ R.” j 

Gold orange. j 

I Purple precipitate. 

Unchanged. | 

1 Little change. j 

1 Little change. 

Unchanged. 

1 Color deepens to red. 


Green dyes. 


Methyl-green, 

Brilliant green. 

Emerald green. 

The bluish tint becomes deep 
green. 

Fades somewhat. 

Fades out. 

Fades out. 

j Whitish precipitate, 
j W'hitish precipitate. 


Blue cmd Vioiet dyes. 


Cotton-hliie “ B.” j 

Methyl-violet “ BBBBBB.” ' 
Nigrosin. j 

Unchanged. j 

Greenish precipitate. 

Little change, j 

Fades somewhat. 

Purple precipitate. 

Little change. i 

j 

J 


94. A solution of any of the above dyes consistiDg of one 
gram with enough winter to make one hundred cubic centimeters, 
although too strong for most cases, is very convenient, sinee it 
can easily be diluted at will. From even very dilute solutions 
parts of a specimen, for instance, a cTOss-section of a stem, will 
take up some of the color with more or less change. If the 
staining is too deep, a part of the color can be removed by 
careful washing in alcohol, or in a very dilute acid or alkali 
(see above table for each case) . 

95. Double-staining, It is sometimes possible to color dif- 
ferent parts of a specimen with more than one dye ; for instance, 
staining the fibres of the bark green, and the wood of the same 
specimen red. The best results are obtained by the use of an 
alcoholic solution of one of the dyes and an aqueous solution of 
the other. The following method proposed hy Rothrock^ gives 
excellent results. The dyes are Woodward’s carmin (see 88) 
and anilin green (or ‘‘ iodine green”). The specimen (whether 
bleached by soclie hypochlorite or left unbleached) is trst 
thoroughly saturated by alcohol, which hardens it, and causes 
contraction of the contents ; it is then kept for a day in a dilute 


^ Botanical Gazette, September, 1879 , 
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alcoholic solution of anilin green. In a row of watcll-er^’stnh 
the following liquids are placed; (1) water, (2) Woodard’s 
carmin, (3, 4, 5) alcohol, (6) absolute alcoliol, (T/oil of cloves. 
The specimen, taken from the green, is dii)ped for a moment In 
water, then for about a minute in the carmin, then successively 
through the alcohols, in each of which it remains ten to tw^entv 
minutes, except in the hrst, where it remains only long enough 
to have the unfixed carmin washed away. From the hisTt aleolmi 
it goes into oil of cloves (or benzol), where it should remain 
long enough to become perfectly transparent. It is then to'^be 
mounted in balsam. 

96. Double-staining 
of hsematoxylin and an anilin color 
anilin dyes diflTerent parts of 
enth" ; but as a rule all these effects 
relied upon for the 

however, long bast fibres take characteristic colors. 

97. The following combinations for doiible-stainino' are rec- 

ommended by Dr. Stirling, ^ and thongh originally designed only 
for animal tissues, serve well with sections of plants: 

1. Osmic acid and picroearmin. 2. Picric acid and picro- 
carmin. 3. Picroearmin and logwood (luematoxylin) 4 Pj. 
cro^rmin and an anilin dye. .5. Logwood and iodine green. 
6. Losin and iodine green. 7. Eosiii and logwood. 8. Gold 
chloride and an anilin dye, 

98. In the eases which require special treatment, for instance, 
the staining of the nucleus, the precautions laid down must 
he attended to in order to insure success. But in the ordinary 
instances where it is desirable to stain a sDecimen merolv 


.g can also be effected by the successive use 
By the use of two or more 
a specimen may be colored differ- 
are uncerfain, and cannot be 
positii e identification of tissues. In general 


Journ. Anat. and Phys., 1881, p. 349. 
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cement, varnish, or white lead, allowed to dr}^ nearly to hardness, 
upon which a cover-glass fits firmly, and is retained by a second 
ring of the same cement. If the precaution is taken to have the 
cover-glass fit evenlj’ to the first la^^er of cement, there is little 
danger that the subsequent layer, which is to hold the cover in 
place, will creep under it and into the cell. 

101. Gh’cerin, pure water, calcic chloride solution, potassic 
acetate, and like liquids may be used as mounting-media in cells 
prepared in the manner just mentioned, but made of greater 
thickness. Care must be observed to avoid touching the upper 
edge of the cement ring with the liquid ; and yet the cell most 
be completel}'- filled, in order to exclude air. 

102. If a specimen has been prepared in glycerin, and it is 
not considered well to disturb the cover-glass, .a cement ring or 
square can be Iniilt up around the cover at a little distance from 
it, promchd the glass slide is thoroughly cleaned at the place 
where the cement is to be put. After the requisite number of 
layers have hardened sufficiently, a ring of the same or, better, 
of a more quickh’ drying cement may be placed across from tiie 
edge of the cell to the cover-glass, to hold it in place. As this, 
in drying, will contract somewhat, it is a good plan to place two 
or three fragments of thin glass under the cover, that these 
may receive the pressure and prevent crushing the specimen. 

103. Of the mounting-media, one of the best is glycerin and 
acetic acid in equal parts, boiled and filtered. It serves well for 
thin-walled specimens (especially in the low^er plants). 

104. Specimens of A’csh cells or of juicy tissues which are to 
be mounted in glycerin are best treated in the manner recom- 
mended by Beale. ^ The specimen is first immersed in w'eak 
glycerin, and the density of the fluid is gradually increased, 
eitiier bj' adding from time to time a few drops of strong gly- 
cerin, until it bears the strongest, or by allowing the origiiml 
weak solution to become gradually concentrated by slow evapo- 
ration. In this way, in the course of two or three daj’s the 
softest and most delicate tissues may be made to swell out 
almost to their original volume in the densest glycerin or syru}). 
They become more transparent, but no chemical alteration is 
produced, and the addition of water will at any time cause the 
specimen to assume its ordinaiy characters.’’ 

105. It is plain that mounts in any liquid must be' liable to 
injury from displacement of the cover-glass; but this can be 


^ How to Work with the Microseoj[>e, p. 3t>0. 
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partially guarded against by fastening to the upper surface 
the slide, near its two ends, square pieces of pasteboard a lii 
thicker than the cell itself. 

106. Glycerin-jelly, a mixture of glycerin with pure gelatin 
liquid at the temperature of boiling water, and solidifies ao-i 
on cooling. Any specimen which is not injured bv being slH, 
heated can be mounted satisfactorily in the jelly, pZvkfeil 
is first thoroughly saturated with glycerin. But this precanti 
is by no means necessary in all cases. 

^ 107. A drop of the melted jelly, free from 

placed on the slide (a fragtnent of the solid jelly ... 
on the slide if preferred), the specimen placed the 


air-bubbles, is 
can be melted 

cover-glass, previously moistened slightly on the under side with 
glycerin, is carefully laid on, and the preparation now allowed 
to cool. When the jelly is again hard, a varnish or cement rin<T 
may be placed around the edge of the cover to hold it in place” 
Asphalt-cement is apt to impart to the jelly a dark tinge, which 
may sooner or later spoil the mount, and hence the colorless 
varnishes are better. 

108. The edge of the jelly may bo lightly touched with a 

stoong solution of a chromate, for instance, bichromate of potas- 
sium, and exposed for a while to light. This renders the jelly 
insoluble, and firmly sets it. ' 

109. The following are among the best formulas for makin<^ 

this useful mounting-medium : ^ 

One part of pure gelatin, three parts of water, and four of 
g^cerin (hchacht, quoted by Dip, ml) . Nordstedt uses the same 
pioportioiis, and advises the addition of a small piece of cam- 
phor or a drop of carbolic acid, to prevent moulding. 

One part of gelatin is soaked in six parts of water for two 
hours, seven parts of glycerin are added, and one per cent of 
carbolic acid is added to the whole. The mass is^ heated for 
fifteen minutes with constant stirring, and then filtered through 

P- (Kaise”r, 

th JSdE°S+r formula, but without 

e addition of the carbolic acid, give a clearer jelly; and it has 

tainin^HX ^ f'- <>ork of the bottle con- 
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This is esisilj effected bj first saturating the object with alcohol 
(beginning preferablj" with dilute, and then using stronger), in 
order to expel all water ; next placing the alcoholic specimen 
in oil of cloves, turpentine, or benzol, until the alcohol is in 
turn expelled. The specimen thus permeated is transferred to 
balsam which has been previousl 3 ’ placed on the slide. Care 
must always be taken to have the balsam perfectly free from 
air-bubbles. 

111. When used alone, the balsam on the slide ma}" be 
heated, to drive off a part of its more volatile constituents, and 
the specimen can then be placed in the warm liquid. But this 
method is not applicable when the specimen is affected hy slight 
heating ; it is best adapted to hard tissues, like wmods and fibres. 
Balsam wdiich has thus been heated hardens on cooling to a good 
degree of firmness. This firmness is secured with balsam used 
without heat only after a longer lapse of time, during which the 
more volatile matters have escaped. 

112. If pure balsam is cautiously heated in a capsule until it 
no longer gives off vapors, the melted mass will cool into a pale 
amber-colored solid. This solid dissolved in a small quantity of 
benzol forms a liquid of the consistence of syrup, which is useful 
for all mounting where heat is injurious. The specimens must 
be treated successively with alcohol and benzol, and they are 
then ready to be immersed in tlie benzol-balsam on the slide. 
An equally serviceable solution is made by dissolving the mass 
in chloroform. Chloroform-balsam requires the specimen to be 
saturated with chloroform before immersion. 

113. In all the above cases two precautions will save disap- 

B pointment: 1st. the slides and cover-glasses should be heated 
slightty, to drive off any moisture on the surfaces which are to 
come in contact with the mounting-medium; 2d. the covers 
should be held in place by means of a slight weight, or by the 
pressure of a spring clip, until the balsam or its solution has 
become tolerably firm. A little experience will show that speci- 
mens mounted in balsam may require a somewhat different 
management of the mirror under the stage from those which are 
moimted in a medium with a different refractive power. Damar 
may replace balsam when the latter, which is the better, is not 
' to be had. 

114. Hoyer^s mounting-media are highly recommended by 
Strasbiirger.^ The one which is preferred for anilin preparations 




^ Das bo tan. Practicum, 1884, p. 40. 
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is made by adding colorless pieces of gum-arabic to a solution 
of potassie acetate or ammonio acetate, until the liquid becomes 
of the density of thick syrup, while in that intended for carmin 
preparations the gum is dissolved in a five to ten per cent 
aqueous solution of chloral hydrate, and about ten per cent of 
glycerin added. Either of these media, or a plain solution of 
pure gum-arabic, will be found to answer admirably for all prepa- 
rations of woods which are to be photographed. " * 

Ho. The edges of the cover-glass arc usually painted with 
some varnish of good quality. Those in best repute are : — 

1. Asphalt- varnish, to be thinned with turpentine when too 

thick. ■ 

2. Maskenlack, a German ]>reparation, thinned with alcohol. 

S. Mikroskopirlack, also thinned with absolute alcohol. 

4. Shell-lac in alcohol, tinged with some anilin color. If a 

few drops of castor-oil are added to the solution, it dries into 
a less brittle finish. ' 

5. Gold-size. 

6. White lead (with oil). 

^ It is a good plan to revarnish slides whenever the varnish 
first shows any indication of breaking away. 

A few woiks in regard to microscopic iiianipiilatioii and 

micro-ehennstry wliieh may be advantageously consulted bv the 
Student are the following : — * 

Microscope (London). This is a large 
octavo volnme, with very minute descriptions of microscopical appliancMjs and 
manipulation. Several editions have been printed. 

This^wOTh^'lTl' r’** Mwroscope (London). A small octavo of aimut 900 pp. 

im Pof \ zur Ausfuhrnng Mikroskopischer Untersuchungen 

0 mwl’c P™««ohwcig, 1888). This is specially I- 

lation has appearS! mioi-o-ehemistiy. An English trans- 

fc Jriv Botanic^ Micro-Chemistry. Translated and enlarged bv Pro- 
ved in the eS^tion amount of the elieLcals 

fm- tlmir 1;;"“ ‘ some directions 

«nra'ge“““‘ Botanische Practicum. See an account of this work 
18S^r'^*A nioft "f; of Practical Instruction in Botany (London 

flowing"pra:ri£;ss^^ 


PART 1 



CHAPTEE 


THE VEGETABLE CELL IN GENEBAL : ITS STTJCTUBE, COM 
POSITION, AND PBINCIPAL CONTENTS. 


116. Tlie unit ill Tegetable Anatomy, the tiindamental coinpo- 
iieiit of which the fabric of plants is constructed, and from which 
all the diverse histological elements are derived, is the cell. 
Even the elements which are the least cellular in appearance, 
and which have names of their owm (as fibres, ducts, etc.), are 
only transformed cells, or simple combinations of them ; so that 
the cell is the type as well as the unit of vegetable structure, 
as indeed it is of animal structure also. The name cell is ont‘ 
which would not be given to it if the nomenclature were to be 
founded upon our present knowledge. Cells were originally 
taken to be onlj" closed cavities in a vegetable mass.^ We now 


1 The earliest recognition of cel Inlar structure in plants appears in BoIm'iI 
Hooke’s Mlcpograplila (1665), p. 113. “Our microscope informs us that 
the substance of cork is altogetlier fiird with air, and tliat that air is p<‘ifeetl\- 
enclosed in little boxes or cells distinct from one another.” 

Nehemiah Grew, of London (Tlie Anatomy of Plants, book I p. 4), iindtn* 
date of 1671, says of the mass tlirough whicii the framework of a young 
plant is distributed, “It is a Body very curiously organiz’d, consisting of aii 
infinite number of extreine small bladders,” etc. 

Malpighi, of Bologna, in a, work presented to the Royal Society in the same 
year, uses nearly the same language: “Exterior eteniin cuticula'utriculis, sen 
saccuiis horizontali ordiiie locatis, ita lit aniiiilus efformetur, coinponitur, etc.” 
(Anatomes Plantariim Idea, p. 2). 

As a preliminaiy study, a beginner should prepare and examine a few sec- 
tions like the following : — 

(1) Irom the tip of the root of a bean (winch has germinated on wet sponge 
or paper) cut a thin section lengthwise, and carefully examine it under a 
power of 200—400 diameters. If the section is tlun enongli, the contents of tlie 
cells can be made out, and wdll be seen to consist of a colorless lining {protih 
plasm), in which one part {the nudeus) appears denser than tlie rest. Next. 
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know them to be organs and even organisms. Histoloo'y there, 
fore begins with the cell in its independent condition. ° 

117. A complete and living vegetable cell consists of a cell- 
wall enclosing certain essential contents. 

118 . In their earliest state some of the lower plants exist as 
a mass of motile living matter, not bounded by any einmlope. 
But in all plants of the higher grades the living matter of the 
cell is from the very first protected by a cell- wall. 

119. That which is essential to the vital activity of a cell is an 
apparently half-solid substance, — protoplasm. With the prop 
erties of protoplasm as a living thing, Physiologv and not Hil 
tology IS immediately concerned. But it is necesLnrv tliroucrhout 
the study of Histology to make a distinction betwkm the^'eells 
which are vitally active and those which serve chiefly or wholly 
some mechanical end ; and hence attention must be called at the 
outset to the means by which the living matter of the cell can be 
identified. 

120. Protopla,sm exists in all young cells -for instance, in 
the soft cone ot tissue in buds, in root-tips, and otiier points of 
giowth-as a nearly transparent or finely gramilar substance i 
It completely fills the interior of very young cells, but with 
increase ot the ceUs in size there arise cavities (vacuoles) eoii- 
aimng sap, and these by their enlargement and eoiiflueiice may 
appear to occupy the entire space wdtliiii the cell. If, however 
such a cell be acted upon by anything which causes contraction 


hofi utorf I ,a”'i “me common 

'mystarfthy seed, for instance a common bean 

ab^ the pivsence ofjjrailcmyraairfes will to made out. T 

thepZopilLnl^tMiLtr’t^^ beginner will have demonstrated 

stored in pkl ’ "-Wob ibod is 

After such a stadv tto ^ V «>T.stals. 



PROTOPLASM. 


of tlie protoplasm/ as, for iDstaiiiee, a solution of common salt,- 
the protoplasm separates from the cell- wall, and bj its con- 
traction shows clearl}" that it is a 
closed sac. At a later stage 

f in some cells even this thin 
protoplasmic sac wholly dis- 
appears. IKyl 

121. Protoplasm itself must 
be regarded as essentially 
transparent and colorless, but 
it is seldom found without 
some admixture of other mat- 
ters, which give it a granular 
appearance. The granules 
are generally very small, and | 
as a rule are not found at the 
peiipheiy of the mass. The ^ 

1 limiting surhice of the pix,>^^^ ^ 

plasmic mass is further dis- 

inguished by being somewhat denser and firmer than the sub- 
stance it encloses 5 and although it cannot be separated from 
he lattei bj mechanical means, it is often spolcen of as a film ^ 


whi( 3 h take up the coloring matter readifv, leaving 
unstained. It is believed by Scdmiitz that the ii 
neons liquid filling the ineslies (Sitziingsber. der 
Bonn, 1880 ). 

1 Such substances are termed plasmohjtk agents. 

2 Of the appearance of protoplasm, the followino- 
gave it tlie name in 1846 , are of interest. “ If ^ 
be left some time in alcohol, or treated with nitric 
thill, finely granular nieinbrane be( 


...5 ixi-autci icauuv, leuving xne remaimier of tile mass 
cd b} Schmitz that the unstained mass i.s a liomoge- 
meshes (Sitziingsber. der iiiederrheim Gesellsehaft in 

termed agents. 

remarks by Mold, who first 
a tissue composed of young cells 
or muriatic acid, a very 

. ‘‘-wies detached from the inside of the wall 

ol the cell 111 the form of a closed vesicle, which becomes more or less con- 
tracted, mid consequently removes all the contents of the cell, which are 
enclosed in this vesicle, from the ivall of the cell. Rea.sons hereafter to he 
discus.sed have led me to call this inner cell the primordial utricle. ... In 
the centre of the young cell, with rare exceptions, lies the so-called nucleus 
cdluU 0 Kohert Brown. . . . The remainder of the cell is more or less 
densely filled with an opaiitte, viscid fluid of a white colour, having granules 
mtermmgled m it, which fluid I call protoplasm ” (Mohl: The Vegetalfle Cell 
Heiifreys Iransktion, 1852 , pp. 36 , 37). » ? 

niil'f' eh of OroMs maoulata, showing vmmg cells com. 

P™foP'o-s“- Observe also the nucleus with its nucleolus. In each 
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and where there is anj break in the continuity of the mass fnr 
instance in the ease of saij-cavities, a similar limiting film miv 
be supposed to exist. ® 

122 The consistence of protoplasm depends on the amount 
of waterwhich it contains. Thus in dry seeds it is nearly 
tough as horn, while in the same seeds during genninatiol b 
becomes like softened gelatin. It absorbs water readily a id be 
comes permeated by it, thereby iucrea.sing its apparent fluid, -f, 
but it neyer becomes a true fluid. Mor^oyer, £"1 1 S 
to the amount ot water which it takes up. ^ 

123. Chemically considered, protoplasm is a ycry conmlov 
substance. It belongs to a group of bodies of which the albumin 
egg ma\ be convemeiitlj taken as the type. They inidoraA 

nimjsliglit but soDietinies rematkaWo ehmgc. nn.lLv,. Ix.?„ 

teicls may bo used interchangeably (see ^ 

bufbtf form with water the 

ulk ot piotoplasm proiier, are of course associated %yit!i the 

™ « „l,id. tbi. living “ ‘I*' 

Lilt these matters exist in the protoplasm in very ditfe ent i m 
portions at different times, _ though neyer in 

the^folb!viiJ^-^?‘%r'‘‘'*n^ These are 

solutions oAodine"^ 2 ^Th7t3urDir''’r*' 

plasm; oo.,ceat“led°“w«“r doM' k“‘'“ T' 

JecM , bat ,I warn, m ,dd.d, tt.e p.ptoptam dissolvei 

.r ‘SvJSii?lTdlr“'”,“" 

ua 1 “■? Tr"'"”- “ 

eaiWt st;Jes°S'the ‘*5?';*““' 'I»“ie«s during thv 

on “ Growth ” The Jit ^ ^ T’” ‘^e®<^-i'ibed in the chapter 

v^rowth. The relations which exist between the proto- 
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plasm in one cell with that in contiguous cells will he considered 
in Chapter VI. 

^ 128. The cell-walL The cell-wall is produced from materials 
contained in protoplasm d and is laid down in intimate contact 
with it, as an even homogeneous film which exhibits at first no 
obvious structure, but with increase in size generally becomes 
modified in appearance, consistence, and composition. 

129. Its evenness of surfiice is in most cases earl}" lost by 
addition of new matter, giving rise to protuberances or markings 
of different sorts. Though at first possessing no evident stme- 
tiire, it may become clearly differentiateci into layers, and thus 
become stratified, or striations may appear. Its consistence, at 
the outset that of the most delicate bleached linen fibre, may 
soon become changed, on the one hand to that of soft gelatin, 
or on the other to that of the densest wood. Moreover, ahlioiigh 
devoid of coior when first produced, it may acquire distinct color- 
ation ; and, lastly, its chemical character may undergo siicli im- 
portant changes that its normal reactions are no longer given. 

130. The iiiarldiigs of the cell-walL Uniform thickening of 
the whole cell- wall is extremely rare ; even in the examples 
which are commonly given to illustrate it, pores or channels, 
more or less distinctly visible, interrupt 

its eontiiiuit}". 

131. The thickenings may possess 
great irregularity, or the,y may be so 
strictly localized and reguiar as* to form 
characteristic features of the widest use 
in diagnosis. They may project oiit- 
'wardiy, forming ridges, spines, and 
other sculpturings ; or, as is most com- 
monly the case, inwardly, giving rise 
to rings, spirals, etc. 

132. If the wall is thickened through- 
out, except at well-defined points, de- 
pressions or pits are produced, varying 
considerabl}’" in outline, but occurring 
generally as simple dots or lines. In 
some cases it is not difficult to see that these dots or lines are 
true pores or fissures running from one cell to the next. 



limitlTfif 1’®/“ “H-wall is produced by the converdon of the 

limits fi m "l “llulose. That the cell-wall is formed at the 

iiimting lilm admits of no (Question . 

Fig. 
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133. Bordered pits are a very common modification of the 
last. A comparatively large spot remains untliickeiied hut 
becomes covered by a low dome which has at its top a sun 1 
aperture; at a con-esponding point of the wall of the Ui<ri,ho,- 
ing cell another thickening produces a similar dome, so dm the 
t^\o domes constitute a double convex boilv whi(-li 

: 

dome is e%tie.an„Itead of When tTiSTfin f' 

becomes linear, or nearly so, it is 

13o When annular and spiral thickenings occur the cell w.ll 
Ijing between them remains so thin that a slight strain suf 

, ^ ‘lie 

B & I / "^’“dier, the direc- 

1^1 I — steepness of the spi- 

— /IHH >'i some cases diagnostic 

S y' I / features. 

1 h H 13(1. Besides spirals and rings, 

I there are intermediate forms, wliieh 

: le^ P^ss easily over into netted or reticu- 

^^"°’^®‘iings. It happens some- 

1 H r 1 reticulated markings 

J I interspaces 

g appear as regular polygons. 

= ^ e.vteniai sculpturing of 

SS — „ cell- wall can be seen in many 

iH pollen-grains, and in the hairs of 

-4 IB , the latter 

I R case the projections may be partly 

* due to irregularities in the form oV 

190 y . 

138. Stratillcation and stiiation. The cell wall * 

early staffs, frennentl,. ,,^1 -1 •* oeii-wall, even at an 

Insome iLs atTeaii "‘‘’‘'^tifiecl structure. 

constituent of the wall obfitemte^ ^ forms a 

and this fact supporte the , every trace of stratification, 
lamination is caused bv dim. appearance of 
tained iiAlternatit^^^ eon- 

rofmotiva fevers are^s„ 1?. 1 ^he less strongly 

■which are highly refractive ^ But more water than those 

— — — lerractive. But there are eases of stratification 


pita.' VaS'r “arMngs; vertical section Tradesoantia 
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wMcIi cannot be satisfactorily explained by this bj^pothesis. 
There are, besides, numerous instances in which the stratified 
appearance is not clearly shown until the cell has been acted 
on by an acid or an alkali ; a good example of this is afforded 
by the firm cells of the albumen of the vegetable ivory (Piiy- 
telephas)d, , 

139. An appearance of spiral striation,^ ascribed also to the 
unequal distribution of water, is often seen, especially in the 
cells of the liber of Apocynaceie and allied orders, and in niariy 
wood-cells. The striations are not constant as regards the 
steepness of the spiral ; in fact, in a few instances rings instead 
of spirals are present. A striated appearance is sometimes pre- 
sented in walls which have been deprived of all their water. 

140. Chemically considered, the j'oiing cell- wall consists essen- 
tially of cellulose, a substance which has the same percentage 
composition as starch, namely, C^FJ^oO^. Even in its purest 
state it is associated with a trace of mineral matters w'hich 
remain behind as ash wdien it is burned, and in the living ceil it 
is always permeated l\y w^ater. 

141. Cellulose is not soluble in an}’ of the following liquids 
commonly used in microscopic manipulations, — water, alcohol, 
glycerin, dilute alkalies, and dilate acids. It is, however, more 
or less strongly acted on by hot concentrated alkalies, without 
passing into true solution, and it is apparently dissolved by 
strong sulphuric acid. Whether cellulose becomes truly dis- 
solved by concentrated sulpliuric acid, or merely forms some 
other carbohydrate under its action, is of little consequence, so 
far as the destruction of cell- walls is concerned. In nearly all 
cases its action is so energetic that the wmll of a cell can be 

1 As shown by Mohl, the action of a mineral acid of proper degree of con- 
centration causes the wall to swell np, and the laiiiellar structure becomes 
very distinct. “By this means the lamellar structure may be demonstrated 
even in those cases in which the unaltered membrane appeared completely 
homogeneous’’ (Mold: Vegetable Cell, p. 10). 

^ Ihe stratification is visible on the transverse and longitudinal sections 
of the cell-wall, the striation on the surface as well ; it is usually most evident 
theie, but is in general less easily seen than the stratification ; it depends on 
the presence of alternately more or less dense layers in the cell-wall, meeting 
its surface at an angle. Generally two such systems of layers may be recog- 
nized mutually intersecting one another. There are thus all together three 
systems of layers present in cell- wall : one concentric wdth the surface, and two 
vertical or oblique, to it mutually intersecting, like the cleavage planes of a 
CTystal splitting in three directions (Niigeli) ; and just as this cleavage is some- 
times more evident in one direction, sometimes in another, so it is also with 
the stratification and striation ” (Saclis: Text-book, 2d Bug. ed., p. 20). 


82 


THE TEGETABLE CELL IN GENERAL. 


wliolb' removed by this add, even mthoiit dostrovinsi the nroin 
plasmic contents ; and this fact has been extensive Iv emnlovcH 
in the examination of the continuity of the protoplasm in cof 

tiguoiis eells.^ ^ • 

142. The only known solvent from wliieli cellulose can be re 
coverc(l without change of composition i.s Schweizer’s remmir 
ammomacal solution of cupric oxide. I„ this liquid ?cHn 
ose swells considerably, and slowly disappears. It is thouo.ht' 
bj some chemists that it does not truly dissolve. F'rom 'its 
apparent solution, it can be iirecipitated in tlm form of a floceu 
ent mass by acids, salts of many kinds, and even by the addi' 

tion of a large amount of water (see oo). - 

143. Freshly prepared aqueous and alcoholic solutions of 

M tint bT^r he f”‘’“ a feint yellow- 

isn tint , but if die leagents have been kept for some time nar 

ticularly in the light, they may impart a lilue eolor.^' The hitter 
_ ^ Unsized, well-bleached linen paper is nearly pure cellulose Tf il ;« a; r 

and finally in dilute anmoniaeal water, it becomes miKdi If I' ^ 

concentrated ^i„ecldoride, a^^ >»ade also by 

with Mni «oysv“When imbued 

blue colour in memb^ “f the 

nhymatous cells of succulent orl^ to tharS b P'^^n- 

cieut ; while in full-grown and LnlensU ii * water alone are suffi- 

aloiie, sometimes evfn a greater or smsll ^ primary membrane 

through the deposition of W P“‘'tron of the secondary layers had 

bc‘eonang toSSnpliK^ the^ro^erty of 

wore still composed of cellulose anU ^ P/"™ *■“<! iodine, although they 

a hlue colour in a 1 very readily ^rodul 

removed. The means I rnfiltmted matters had been 

caustic potash and nitric acM^ ° infiltrated substances were 

layers of all elemlSorS: 1™ 'J °f the 

when they offer so vreatA reri^»!^ ^ beautiful blue by iodine even 

treatment with nitric, as is the casi in*tb acid before the 

of vessels, and in the bmwn ceStie f" °T wood-cells and 

in Perns. ” “* eiroumferenoe of the vascular bundles 

acted on before^ the' ap^plhattomf'tS’ '^OLV powerfully 

treatment may be ascribed the effioiLy“ortL“ktt*° "T’’® 

<Joloi-. wwency 01 tlie latter in x-)rodueing tlie blue 
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color, liowever, is given even b}^ fresli solutions of iodine to 
cellulose wliich has been previously treated with certain eheiri- 
cal agents, for instance, strong sulphuric acid. A convenient 
method of employing this reaction as a test for cellulose is to 
thoroughly moisten the object with a dilute solution of iodine, 
and then to apply strong sulphuric acid, upon wdiich the cellulose 
immediately turns bright blue. It is sometimes advantageous 
to dilute the sulphuric acid employed, either wdth w’ater or with 
glycerin ; but for most cases the concentrated acid is the best. 

Schulze's solution of iodine, better known as chloroiodide of 
zinc, used alone, gives with pure cellulose a blue color inclining 
to purple. This reaction, though not alwa^’s so prompt as the 
other, is generally more manageable, and, on the w'hole, more 
satisfactory. » 

In a few instances the cell- membrane becomes yellowish- 
brown throughout, upon the application of an iodine solution, 
a reaction wdiich might be easil}’ mistaken for that which albu- 
minoids give ; that the color, however, is not here due to their 
|)resence, appears on subjecting the tissue to the action of 
Millon's reagent. Vertical sections of the stem of Begonia, as 
noticed by Nageli, afford an instructive example of this.^ 


^ That the yellow eolor imparted by iodine has been otherwise interpreted, 
will appear from the following : — 

Harting(AnTi. des Sc. nat., ser. 3, tome v. p. 328) states, that *‘aU lignified 
-cells have Protein matters in their w'alls.” 

Mold {The Vegetable Cell, p. 25) says : “ Nitrogenous compounds do not 
occur in the membranes of cells which are just at the commencement of their 
development, for these are not coloured yellow by tincture of iodine, yet hardly 
a full-grown cell is met with in which this is not the case.” 

It is held by Nageli that vegetable cell-membranes consist, in some in- 
stances, of two isomeric substances, unequally soluble, which are intimately 
commingled. One of these is soluble in cold water, more easily in hot water, 
and sometimes needs for its complete extraction a dilute acid. From the solu- 
tion iodine throws down a blue or bluish-green precipitate. 

A synoptical table, based on differences in solubility of cellulose and its 
modifications, and in their behavior towards iodine, has been constructed by 
Niigeli. The part of the table which is given below affords excellent practice 
for the beginner. 

- . I. ' Diffekences in Solubility. 

(1) In cold water, becoming swollen; in hot water, disappearing, 
mucilage ; e, g.^ in the outer layer of the cells fanning the testa of qtdnce seeds 
md those of flax, 

(2) Soluble in concentrated siilpliuric acid, and incuprammonia; e, mtto%* 
•hairs, hast fbres^ etc. 
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io“„g:-' of «e a.f„w 

(1) Partial or complete conversion into mucilaa-p rrvi t- 

tion; upon removal of the infiltrated niattor hv ineaL of 

agents, the cellulose basis of the w^all is leff t 

little if any change. with very 

146. It sometimes happens that one nart f»c tn., 
a cell, or even one of its kyers, mav of 

another in another ; it is ako possible for th^ ^ 
undergo two of the changes ibove mentioned"-'T^ “embrane to 

cation and Mineralization > namely, Lignifl- 

n.; »; >. 

.e.„, ,,, 

acted oVby adds or alkalhsif Previously 

(4) Soluble in coucenbuted .ufpbu^S 
becoming soluble in this upon pLious treatn ’ii s' bat 

“•f’ oak, yew, etc ' Rebuke’s macemting 

in but soluble 

the rfiewhvwm of older ducts, d>i cuhcle, and the outer layer of 

II. Iodine Reactions* 
a metaJlio iodide ; or when io’dine is folIoTOdTv"^ 

solution acts with repeated dryin<f) oia!~ p Mae when a pure iodine 

oud tPMd-cells ofPinus and Ihfe ’and inner paH ofthich- 

B. Only when the reaventshr:K ^^^’“"^ 

aeid : all -mmbra-Ms in the interior oTth!^lmt\ “itrio 

‘™ b- P»ortri a. M,., 

Ptat. m '•‘“b lb™ Ibe A.kton ot 

- bb.,«.a 
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affected. It sometimes happens, however, that the ceii-wall 
acquires wholly new relations to water, and becomes capable of 
absorbing a large amount of it wdth great increase of volume and 
transliicency. A cell-wall which has undergone this mucOagi- 
nous modification takes on, when placed in water, the consist- 
ence of soft gelatin, and if the mass is then wmrmed it appears 
to dissolve, forming a thick mucilage. Upon drying, the inoci- 
lage hardens into a translucent gum, in wdiieh the cellulose char- 
acter is nearly or wdioli}" lost. 

148. Generally the changes produced in such a wall b}' w^ater 
are so rapid that it is desirable to place the specimen at first in 
alcohol, and then to replace this medium cautious^ b}" water or 
by dilute glycerin, wdien the variations in shape, size, and con- 
sistence can be easily followed. The addition of alcohol will of 
course arrest the changes at any stage desired. 

149. These changes can be easilj" traced in the outer cells of 
the integument of a fiax-seed. The mucilage appears as an 
obscurely stratified mass nearly filling the cells, except at their 
centre, where there is a low-arched cav%. On the cautious 


pectates are formed. These are readily decomposed by hydrochloric acid, and 
insoluble gelatinous pectic acid is thrown down. 

Cellulose, and its isomers agree in being soluble in concentrated sulphuric 
acid, but they differ in the following j)oiiits : Cellulose dissoh^es at once in 
cuprainmonia ; paracellulose, only after the action of acids ; metacellulose, not 
even then. 

Vaseulose is not easily soluble in concentrated sulphuric acid, but after the 
action of oxidizing agents gives rise to resinous acids, which are separable by 
alkalies from associated cellulose. 

Cutose, the transparent film covering the aerial organs of plants, is dissolved 
neither by concentrated sulphuric acid nor by cuprammonia, but dissolves 
without change in alkaline liquids. The following results of analyses by Fremy 
and Urbain (Ann. Sc. nat. bot., 1882) show approximately the amount of 
these substances in different parts of certain plants. 

Pmt of Paidownia, — ( 1 ) Substances soluble in water and in dilute alkalies : 
cork 45, soft bast 56, body of root 47. (2) Yasculose : cork 44, soft bast 84, 

body of root 17. (3) Paracellulose : cork 4, soft bast 4, body of root 80. 

Stems. — Vaseulose increases in amount with the density of the wood. The 
pith contains : of cellulose 37, paracellulose 38, vaseulose 25 per cent. Cork 
contains : matters soluble in acids and alkalies 5, cutose 43, vaseulose 29, 
cellulose and paracellulose 12 per cent (cutose and vaseulose forming together 
the suberine of Chevreul). 

Leams of An/. — Water and substances soluble in neutral solvents 707. 7, 
parenchyma (formed of cellulose and pectose) 240, fibres and vessels {of vascu- 
lose and paracellulose) 17.3, epidermis (cutose and paracellulose) 35 parts. 

Petals of Dahlia. — Water and soluble matters 961.30, parenchyma (of cel- 
lulose and pectose) 31.63, vaseulose 1.20, paracellulose 2.27, cutose 3.60 parts. 
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addition of water, this cavity becomes more clearly defined 
whole mass of the cell swells, and the mucilage can then be 

made out as a distinctly 
stratified structure belono-. 
ing apparently as much to 
the outer as to the inner 
fece of the cell-wall. But 
if the action ot water is 
prolonged, the stratified ap- 
pearance vanishes, and the 
wall becomes optically ho- 
xnogcjiieoos^ with the oxc6p- 
tion of its middle portion, 
the so-ealled primary mem- 
brane, which remains ini- 
6 changed. On the addition 

iodine and sulphuric 
acid, the primary membrane, but not the mucilage, liecomes blue 

150. The mucilaginous modification can be examined to ad- 
\an age 111 the seeds of some Polemoiiiacem (especiallv Collomia) 
and a few Acanthaeese, e. Ruellia. These seed-coats are 
covered with hairs which break open when wet, and allow not 
0 % the mucilage but also slender coiled threads to escape 

same phenLton Salvia tribe) exhibit nearly the 

is caused 

known as lio-nin presence ot an menisting substance 

Known as lignin. Owing to the diflicnlty of separatino' it from 

to ™ t’ “ ” ““““‘"S’ 

crusting ,s „p of 

IStoS.™™*;,?"**'? l’P;«S. B <a.tine„i,M 

liavior to solvents. Zignose- iiisX'lU.”-^ *^.**+'' in their be- 

iiiii; soluble in solutions of nnt V" ether, and ammo- 

»lubla in water id 

^ ^ ^ alcohol, aniinonia, potassa, and soda, 

tion. (Sacljs.) albumen of Oeratonia siliqua, sliowing mucilaginous modifica. 





LIGNIFICATTpH, 


which occur in cliffereot proportions ill different plants and in 
diflhrent parts of the same plant 

152. Lignin dissolves readily in vSehulze’s macerating liquid 
and in potassic hydrate, but not in ciiprammonia, the well- 
known solvent for cellulose. 

153. By the use of Schulze’s macerating liquid a iignifled eell- 
w\all can be wholly fi'eed from its incriisting substance, and pure 
cellulose will be left behind. For control,- it is well to employ 
the tests for lignin given below, both with ordinary wood and with 
similar specimens which have been treated with this solvent. 

154. Tests for lignin, 1. Salts of anilin. If a lignified 
cell- wall is subjected to the action of a strong solution of anilin 
sulphate acidulated with sulphuric acid, or to that of a solution 
of anilin chloride acidulated with hydrochloric acid, it will at 
once torn yellow. The depth of the color depends somewhat 
upon the strength of the solution. The color is destroyed by 
alkalies, but is restored by acids. Wiesner, who first applied the 
foregoing reagents to the detection of lignin, has suggested an- 
other which is for manv cases even more satisfactoiy ; namely, 


Lignir&ose : soluble in all the solvents mentioned above, but only to a slight 
extent, in w.ater. 

Chemical Composition. 


According to Franx Seliulze, tbe |)robable composition of lignin is : Carbon^ 
55.55; Hydrogen, 5.83; Oxygen, 38,62. 



Carbon. 

Hydrogen. 

Oxygen. 

Lignose . . . . . . , , , . , . 

4610 

6.09 

47.81 

Lignone .... . , .... . . . . ^ . * ' 

60.10 

6.82 

44.08 

Ligiiiri . , . , , . , ... .. . . . 

62.25 

6.93 

!■ 31.82 

Ligniri^ose 

67.91 

6.89 

26.20 

Oellu lose (of cotton) . . .... . . . 

44.35 

6.14 

49.61 
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an}’ marked advantage over that which gives nearly the saiae 
color, namely, phlorogluein. 

155. By the employment of these reagents many ceU-waUs 
have been shown to he distinctly lignilied when the older re- 
agent— iodine in solution — failed to detect the change. 

156. Cutinization. Ordinary and lignifled eell-wallst and those 
which have undergone the mucilaginous modification, absorb 
waiter freel}’. On the other hand, the walls of certain cells found 
chiefly on the exterior of organs are repellent. The substance 
which imparts the repellent character to the cell-wall is known 
as oudn ; when restricted to cork it is called suberin. 

157. Cutin and suberin have been described as different sub- 
stances ; but although the former is more generally associated with 
wa.xy matters, its reactions are essentially the same as those of 
suberin. The water-proofing of the cell-wall ra,ay be superficial 
as in most young epidermal cells, or it may affect the whole 
structure of the wall, as in the case of cork. ‘ If a distinction is 
made between the two states, the first may be termed cutiniza- 
tion, the second, siiberification. 

158. Cutin can be removed from the walls with which it is 
associated, by the use of Schulze’s macerating liquid, subsequent 
tieatment with potassa, and careful washing. It is sometimes 
necessary to heat the section in potassa before the cellulose can 

be conipletelj^ freed from the Other inatters. 

lo9. HohneP has shown that the wall of a cork-cell, with 
the exception of the young cork-cells in Coniform, is composed of 
m e plates : (1) a middle plate, common to the two contiguous 
cells ; (2) two plates, one on each side of the latter, consistino- 
of cellulose which is both cutinized and lignifled ; (3) two plates 
of cellulose forming the inner lining of the respective cells The 
latter plates may be more or less lignifled. Differences in the 
relative proportions of these constituent plates give rise to dif- 
ferences in the character of different kinds of cork. 

160. As in the caseof lignin, the difficulty of extracting cutin 
arfollows*— composition doubtful. It is usually given 

• • • • • • . . 73-74 per cent. 

Hydrogen . . , . . . \ ^ « 

Oxygen . ....... «« 

ffiis wobei^T K T nitrogenous matter demonstrable ; 

this probably belongs to residual p rotein matters which are in 

^ Sitzungsber. d. k. Akad. Wien, Bd. Ixxvi. 1 Abth. 
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the cell-cavity, and not in the cell-walL Sulphuric . add and 
chromic acid, even' when eoncfcmtrated, produce little effect on 
ciitinized meiiibranes, beyond removing traces of - cellulose pres- 
ent in the cell-wall The latter acid, howmver, increases the 
transparency; of ciitinized membranes, especially after prolonged 
action. 

161. Potassic hydrate softens .such membranes and colors 
them yellow ; when heated it breaks them into a granular mass 
which 'may be removed by careful washing. Cautioiislj' heated 
with Scliiiize’s macerating liquid, they disinteg.rate into granules 

. of ceric acid,. — a substance which dissolves in alcohol, ether, and 
benzol. Several of the coal-tar colors stain the cutinizecl por- 
tions of cell-walls very deeply ; if the specimen thus colored is 
placed in absolute alcohol, the cutinized parts alone remain 
colored.^ Two points relative to the cutinization of epidermal 
ceils may be noted : (1) the cutin inaj’ take on the form of lay- 
ers, often numerous and conspicuous ; (2) there may be a con- 
siderable irregularity in the oiitlioe of the deposits, sometimes 
as folds, hooks, and the like, which do not strieth' conform to 
the cellulose wall on which the}" arise, 

162. Mineralization of the cell-wall. Although all cell- wmlls, 
even the most delicate, can be shown to contain traces of inor- 
ganic matter, it is only in a few special cases that such substances 
appear in a form to be noticed under the microscope. Mineraii- 
zation of the wall may be general or local, may depend upon 
the presence of crystals or of amorphous deposits, and these may 
consist of silicic acid or of calcium salts. 

163. General mineralization of the wall depends most fre- 
quently on silicic acid, and may be best demonstrated by first 
boiling the specimen in nitric acid, drying, heating to redness on 
platinum-foil, and, lastly, treating again with nitric acid. The 
silicic acid remains behind as a delicate skeleton which copies in 
air particulars the contour of the wall of which it formed a part. 
Fine examples are afforded by the harder grasses.^ 

Calcium salts may exist in crystalline or amorphous form, and 
may be distinguished by the tests to be given for them under 
the section on “ Crystals. ’’ That in some cases they constitute 
an integrant part of the wall itself admits of no question. 

164. In the cells of many plants, especially Urtieacem, pedi* 
cellated Goiieretions occur, which, on superficial examination, 

^ Olivier: Bull. Soc, bot. de Fr., 1880, p. 234. 

® consists of the siliceous substances wlu'ch occur in the joints 

of bamboo in lar<^e quantities. 
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appear to be much like the sphere-crj'stals described in 186 But 
if they are carefully treated with dilute hydrochloric acid the 
chief part of the concretion disappears, leaving behind a delicate 

trace of cellulose which was intermingled 

with it. That this cellulose was an in- 
trusive growth into the cell from the 
wall, is shown by a study of its develop- 
ment. In most eases such concretions 
(Cystoliths) arc plainly stalked, but in 
some instances they are only obscurely 
stalked, and are with difliculty distin- 
guished from the ordinary cell concre- 
tions. In the leaf of Ficus elastica (see 
Fig. 6) they are more completely devel- 
oped than in any other common plant. 

165. Other changes, chiefly those of 
degradation, may take place in the cell- 
, _ wall, giving rise to products variously 

known as gums, resins, &c. ; but in all these cases there is such 
a commingling of the cellulose derivatives with those formed 
from the contents of the cell, that they cannot be readily dis- 
tinguished. 

166. Protoplasm, as was shown in the previous sections, <rives 
rise upon its exterior to the cell-wall. Inside the cell, likewise 
It produces, either directly or indirectly, various substances. In 
the present chapter these substances are to be considered only so 
tar as relates to their detection and identification. Most of them 
are to be examined later, with reference to their office in the life 
of plants. 

167. Plastids. In the protoplasm of active cells certain gran- 
ules having substantially the same chemical and, with the excep- 
tion of their color, the same physical properties as protoplasm, 
are clearly differentiated. They are imbedded in the general 
protoplasmic mass, and are not separable from it by mechanical 

+ granules may be conveniently referred to three 

types, depending upon the color : (1) those which are green, - 

are derived ** that these three kinds of granules 

are derived f.om a common sonme, and although hardly distinguishable from 

that the pedicel of the cystojith aDtiears tn I* ^0 observed 

epideriaal cells. ® to the lower wall of tlie upper 



CHLOROPHYLL GRAliJULES. 


Chloroplastiih^ or chloropliyli granules, also called cMoroleu- 
dtes; (2) those wiiich have some color other than green,— 
Ohroynoplastids^ or eiiromoleiicites ; (3) those which are devoid 
, of color, — or leucites. . ' 

169. ChlorophyU Gramdes^^ 

oirGhloroplastids^ ^ / 

in the green parts of all plants ; . | 

ill fact, to them the green color Ik I 

is due. But they are some- | y j 

times masked by the presence |1 |l || ^ 

of : color ill the cell-sap. Their" |ll Ilk i . 

shape is spherical or spheroidal, f TOm ■ f! 

and, somewhat flattened. The}^ , . . M , ■ 

have an average diameter of 2 to ^ 

5 fjL, but many granules are con- 

m 'll ' 

siderably larger than this.. It I 1 

frequently happens that the}'- be- g I 

come of great size, owing to the 5 ^ i I ■ 

presence of solid con tents,— for L ||ii f 

instance, starch, — which may L Ilf f ^ 

accumulate in large amount. 

170. If the granules are sub- F| | 

jected to the action of alcohol, ^jr I 

their coloring matter is wholly ' O i ■ wOT .■ | ■ 

removed but they, retain their ,, | L il I 

former volume and shape, ap- . ' . i 

.pearing faintly outlined in the , 
protoplasmic mass in which . l|| ' 

they are imbedded. Hence it \m\ i f I 1 
is proper to distinguish be-'' . kf /llf f 

tween the chloroph}’!! bod}^ of | 

the chloroplastid and the chloro- 1 I 1 

phyll pigment which imparts to 7 

it its characteristic color. . 

The chlorophyll body ma}" be shown, by the process described 
in 61, to be somewhat spongy in structure, and to have on its 
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exterior a delicate fllm. Mej-er believes that the coloring matter 
takes the form of grains of extreme mimiteness which are inter 
sperscd through the whole substauce, while Tschirch holds that 
the pigment, dissolved in a liquid similar to the ethereal oils Is 
ditiusccl through the mass. ’ " 

171. If starch is present in large amount in chloroplastids 
iodine causes at once a deep bluish-brown color ; but if the starch 
is not very abundant, the characteristic blue reaction is concealed 
by the yellow produced by the protein reaction of the protoplasm 
Hence it is well, after having removed the chlorophyll pigment 
by alcohol and subsequent washing with water, to treat the speci- 
men with moderately strong potassic hydrate in order to dissol ve" 
the protein matters. If this has been well done, and the speci- 
men carefully freed from the potash, the protoplasmic mass and 
its imbedded granules will seem to have completely disappeared- 
but the skilful use of oblique illumination will show that an nn- 
dissolved trace of something having the former contours remains 
behind. Application of iodine brings out minute blue points 
where the granules were. 

Chloral hydrate of the strength recommended in 53 may 
replace potassic hydrate in this examination. ‘ 

1/2. The starch in chlorophyll granules is sometimes wholly 
within the granule; but it is ocea"- 
sionally — especially in the case of 

^ containing 

8 chlorophyll granules is kept for a 

time in darkness, the production of 
starch. IS arrested ; and if otlier forms of activity continue, even 
that starch which has already accumulated in tlie granules soon 
disappears. Furthermore, the 
color of the granules is changed 

from green to yellow ; and if the / | T ^ 

change is not arrested at this 

point by bringing the plant ' J'' 

again into the light, all the V 

granules will break up and be- 

come appare ntly merged in the 

PhMendron'^SLm*"”^^* starch-graius. From tlie cortex ol 
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4^i 



general protoplasmic mass of the cells, being no longer reeog* 
nizable. Those, however, which have beea changed no further 


thm hy loss of color, closely resemble another ki^d of granule 
namely, leiicoplastids. (For exceptions see Chapter X). 

: 174.- Ze^rcopimtids; These are found in parts which an 
normally devoid of chlorophyii, such as tubers, rhi;:.<jmes, etc 


■ Scfiiniper: Bot 

)ro advanced; a, the ainylogenic bodies are covered with starcli- 
on a cel I- wall, each sarroimded by amylogenic bodies covered by 

nruylojronic bodies surrounding the nucleus of a cell in the root of 
same, with starch-grains deYeloping; c, same, more advanced. 
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tage in thin sections of many starchy tissues, by the use of dilute 
tincture of iodine, which colors them more or less deeply yellow 
Millon’s reagent eolora them red. 

Owing to the minuteness of the leucoplastids, the following 
explicit directions by Strasburger will aid in their deteetionl 
Make thin longitudinal sections through the uirper part of a 
young pseudobulb of Phajus grandifolius, taking care that the 
cut extends to its green surface. Innnodiately place the sections 
in an alcoholic solution of iodine diluted with one half its volume 
of water. (Picric acid may be advantageously used instead of 
the iodine solution.) In good preparations the leucoplastids will 
be seen in the inner part of the section as small staff-shaped 
bodies which, at the first glance, appear to be homogeneous, but 
are afterwards recognized as somewhat granular in structure. 
The section is next to be examined nearer its outer part, and it 
will then be seen that the bodies there possess a green color 
are larger, and lenticular in form. They are also plainly porous! 
their increase in size being apparently associated with a spoiigh 
ness of their substance. Their size diminishes towards the outer 
cellular la^yers, they become somewhat rounded, and finally take 
the familiar form of chlorophyll grannies. Prismatic colorless 
protein ^ crystals are frequently associated with these bodies. 
In sections which are placed in water, the leucoplastids disap- 
pear almost instantaneously, and even the chlorophyll granules 
soon begin to disorganize, while the swollen protein erv.stals then 
appear as colorless parts of the latter. 

In the rhizome of Iris Germanica the sections for examination 
must be taken parallel to the surface. In uninjured cells the 
leucoplastids appear as collections of protoplasm at the end of 
each Starch-granule. If the section is in water, the leucoplastids 
become granular and finally break up into minute granules which 

show the Brownian or molecular movement.^ 

^ Chromopkistids^ or the color-gi-anules which occur abundantly 
in flowers and fruits, will be specially treated later. 

, 1^5 Protein granules. The protein matters in plants have 
been divided into two classes : (1) the active, such as active 
protoplasm, the nucleus, etc. ; (2) the reserve, can change 
eir ormant condition and become active w'hen occasion de- 
mands. Inactive, amorphous protoplasm, as it sometimes exists 
n eei ain ee s, where it is simply a tough shapeless mass, does 
nee ur lei consideration at present ; the reserve matters 

^ Strasburger: Bas botan^ Fracticum, 1884, pp. 67, 68 
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Fia. 11. Cells from cotyledons of Vieia sativa, showing: protein matters in a finely 
divided state, intermingled with starch-graniiles. (Schmidt, ) 

Fig, 12, Protein gramiles from the endosperm of liicinus cominniiis. The specimen 
is in oil (Pfeffer. ) 

Fig. 13, Protein granules from the endosperm of Ricinus commnnia. The specimen^ 
first treated with mercuric chloride in absolute alcohol, is now in water. '‘$'1 iPfefter.) 


now to be examined being those wiiieli take the form %J more or 
less regular grains. These which are known as 

176. Protein granules may be either independent, or assO' 
dated with other substances. In 

nearly all cases they are more or i . ' | 

less soluble in water, and hence ' 

require special treatment for their 

satisfactory ex ami nation. Cells 

supposed to contain them may be 

placed for examination in any fixed 

oil, and the granules will remain 

unchanged. A more practicable ■ 

method of treatment is suggested 

by Pfeffer; namely, to subject the 

granules to the action of an alco- 

holic solution of mercuric chloride, 

by which they are rendered insoluble (see 68). The solution 
is made by dissolving one part of mercuric chloride (corrosive 
sublimate) in fifty |)arts of absolute alcohol; in this solution 
the thin sections of seeds, etc., suspected of containing pro- 
tein granules, must he kept for at least twelve hours. Upon 
removal to water, after tiiis period, they remain sul)stantially 
unchanged. The precaution must be taken not to touch with 
any metal the sections after tliey have been placed in the 

meremic chloride solution. 

t ^v ' They must be reinoved by a 

eamers-hair brush. 

winch protein granules 
consist may be wiiolly with- 
out definite shape, or a por- 
tion may assume somewiiat 
12 13 form of crystals. The 

latter have been called pro- 
tein crystals or crystalloids, and they are generally associated, 
in the granules of which the}" form a part, with inorganic matters 
either amorphous or crystalline. Hence in some protein gran- 
ules we have to distinguish between the inorganic contents, the 
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protein crjstaUike bodies, and the protein basis or stroma in 
which all of these are held. 

The protein basis sometimes, if not always, appears to consist 
of two substances, differing in their solubility in \?ater, aiid com- 
mingled as gTanulose and 

0 eelliilose are in starch- 

ifli Wliile the pro- 

teiii basis is generally very 
, , soluble in wmter '(not per 

^ ^ ■ S6% but owing to the pres- 

ence of potassic phos- 
phate), the protein crystals are insoluble, or only slightly affected 
by it, usually becoming more or less s woollen. After solution of 
the protein basis has taken place, a delicate membrane is left 
behind, and through this transparent film the protein crystals 
are clearly seen. The relative amounts of protein basis and 
protein crystals vary widely ; in some cases the former appears 
to be wanting, the latter wholly filling the interior of the mem- 
brane. Such crystals appear in potato-tubers in the form of 


small cubes. Protein crystals of great beaut}" are easih' dem- 
onstrated in the endosperm of the common Brazil-nut (Ber- 
tholletia). Very instructive phenomena are presented wdien 
different sections of the seed are subjected to the following 
reagents; (1) osmic add (one per cent solution) ; (2) hrematoxyliii 


FlO . 14. Single protein grannies fereatecl as In Fig. 12 . (Pfetfer.) 

Fro. 15. Protein grannies from Silybiim marjaiinrn . In the cell on the left they have 
crystalline contents ; in that on the right, globoids. This section was taken from the 
cotyledons of a dormant seed, and after treatment 'with merouric chloride in alcohol was 
placed in water. (Pfeifer.) 

Fio. 16, The mesh of the ground mass of the cell has boon elonred by dilute ])fit.'issic 
hydrate and hydrochloric acid, w = rmcleiis. (Pfed'er.) 

Pig. 17. Cells from the cotyledons of a germinating seed which has just riipi urcd the 
seed-coat. The protein granules have diRappeare<l, but their eonlonts are recoginzalde. 
af. (Pfeifer.) 

IG. 18. Silybinn mariannm. Cell from the cotyledon of a nearly ripe seed in which 
the formation of protein granules has just begun. (Pfeffer.) 





in concentrated glycerin ; (3) concentrated potassie liydrate, 
water being added afterwards. Permanent preparations of pro- 
tein crystals can be made by first acting on the section witli 
mercuric chloride for a day or more, \rashing in water, staining 
with eosiiw and finally laoiiiiting in potassie acetate (lOly. ' 

The inoiganie matters associated witii the protein crystals 
in ' protein ' granules are eitlicr , v _ _ _ . ^ 

( 1 ) amorplions or globular con- 

cretions of a double pliospliate of 20 

calcium and inagnesiimp^kiiown ^ ^ 

^ 

cially those which are most com- 
plex in their eon!p<'KsitioiK are also known as AIet{ 7 * 07 ie grains* 
The protein crystals arc generally termed cr^/stalloidsJ- For an 
analytical classification of protein 'granules in seeds, see pages 
182 Wl 183. 

178. Starcluthe principal form in wdiicb the elaborated food 
of plants Is held in reserve, occurs as minute spheroidal or 

polyliedra! granules. IJnderasuf- 
f!(‘ieiitly liigh power, and with 
mjM proper management of the mirror 

microscope, the single gran- 
|||i]S^ exhibit aii' appearance of 

f ®(1 r stratification which is sometimes 
I distinct, but more commonly 

^ obscure ; in the latter case dilute 
X* chromic acid can be used to ren- 

^ der the stratification plainer. The 
22 , « . . 

layers of stratification are ar- 
ranged around a point, — often very eccentrically, as in potato 


48 



THE VEGETABLE CELL 


Starch, ^ or with great regulai 

be'compouiKl^ '''’"''Vakl t. 

. .grannies coliere sliaiitiv t< 

form an aggregate which can be easily broken. Aeeordino- h 
Wiesner, there may be as uianv * ^ 

as 30,000 granules in a single / 

■ of this kind. 

Both simple and ' compound 
grannies may occur in the same 
cell, blit some plants have only ' 
simple,, and others only com- 
pound grannies, Canna' and 

•Curcuma may be cited as exam- 0 

'' ^ former ; Jatropha, of . ^ 

Since starch occurs in every 

pkut ill all stages of development, the size of the granules must 
be extremely variable. Nevertheless, a 

CQ the more common limits may 

Vmj) m their iclentific.atioii. ^ 

f ^ ' Wiesiier gives the following limits of size 

of the more coroinoii sorts of starch, 
ra /S^ f*®* grouping them into small, medium, and 

w IjSn large granules. 

25 S“all pnnles (from 0.002 to 0.015 mm.): 

the simple granules of rice, oats, buck- 
wneat ; also the smaller granules of wheat, rye, barley etc 
Medium granules (from 0.02 to 0.05 . 1 , 1 ^) : as tlm compound 
gianules^of nee and oats, the Larger ones of wheat, rye, and 

Laige granules (distinguishable as granules to the naked eve) : 
potato, efe Curcuma leuoorrhiza, Cauua edulis, 


Ftcj. 23. Stareli. 


.granules from the bulb of Pbafi 



specimen of starch be gently heated with water upon a glass 
slide, the granules will be seen to swell at a temperature of 


C., and the appearance of stratification will often be- 
come plainer. The alkalies and mineral acids generall3’ hasten the 


Fig. 26. Starcli-gran Tiles of wli eat. Fig. 20. Starcli-graimlea of oats. 

Fig, 27. Starcli-gran Tiles of Indian corn. Fig. 30. Starcli-gramiles of rice. 

Fig 28. Starch-gran ulea of barley. Fig. 31. Starch-granules of potato. 

Fig. 32 Starch-gran Tiles of Maranta (arrow-root). 

Fig. 3.3. Starch-gran Tiles of Bora aria f Chili arrow-root). 

Fig. 34 Starch-grannlea of Yicia satim, var. leucosperma. All the figures of 
starch are from Berg and Schmidt. 
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formation of starch-paste, and bring about some other changes 
such as its conversion into soluble matters. ’ 

179. Starch is usual!}' said to have the following composition 

and these proportions are doubtless eon-ectlj stated • 
but it is probable that tire molecular constitution is more com- 
plex than this formula would indicate.^ 

180. When starch is acted on by saliva or pepsin, it is slowly 
separated into two substances, one of which passes into solution 
wlrile the other remains as a skeleton, and with little change of 
form. This delicate framework, which remains after the .soliible 
matter is removed, is closely related to cellulose, as shown by 
its behavior with reagents, and has received the name of starch 
cellulose. The substance which is removed by the action of saliva 
is termed grmiidose. 

^ 181. When starch is not associated with too lai-ge a propor- 
tion of pi-otein matters, it can always be detected by the blue 
color whicliit takes with iodine in solution : but if protein sub- 
stances are present in considerable amount, they may obscure 
the reaction by the yellowish or brown color which iodine im- 
parts to them. Iodine does not, however, always produce a blue 
color with starch ; the shade may vart- towai-ds red, forming a 
pnrple which may be almost black. Furthermore, as the tran- 
sient color given by this reagent fades, it may pass through 

various tints of orange and yellow. 

Protein matters which mask the starch reaction may be re- 
moved by careful treatment of the specimen with potassio hy- 
drate (not too concentrated), and subsequent washing with pure 
■water. After such treatment it sometimes happens that the 
starch appears as a diffused mass instead of in minute dots. 

182. When starch-granules are seen in polarized light they 
generally exhibit two crossed lines which appear to turn as the 
INicol prism is revolved. Many kinds of starch give under the 
polarizer characteristic figures, many of them of gi-eat beauty. 

8. Innlin, although occurring in solution in cells, is never- 
heess thrown down in characteristic forms by means of the 
preservative media alcohol and glycerin, and can be examined as 
a so M. If the root of Dahlia, Helianthus, or any of the com- 
mon Composite which store up their food in fleshy underground 
parts, be subjected to the action of alcohol for a few days, thin 
see ons will exhibit in the cells peculiar masses of a spheroidal 


starch as follows ; OaaHsoO^. 

Baitr. z. naheren Kenntniss der Starkegrappe, 1874. 



form which are clistioctly radiating in structure. ■ Occasionally 
these masses have large rifts wiiieli run across the surfirce of tlie 
sphere. 

In composition, ioiilin closely resembles starch, but does not 
give any.. color with iodine.. To de- 
tect it when in solution, a: thin sec- \ ... ' / 
tion of the plant contaiiiing it is V 

moistened on the glass slide w,itli I j j 
absolute alcohol, when a. cloiid}’ pre- A 

cipitate will at once appear; in a T 

short time (the .supply of alcohol j 

having been replenished as it evap- 1 

■orates) the specimen grows clearer, ^ 
and small sphmroerystais of iiiiiliii ' 
are seen. If now the specimen is 

carefully washed w’-ith' water, the f 

smaller grannies disappear and the 
well-deiined remain. 

18,4. „ Tlie carhohydrates dlssolred /\ '■ \ ■ y i 

in the celbsap may be grouped in two ' W J 

classes: (1) those '.wdiich are isomers ^ ^ ■ 

of cellulose (f. e., have the same |)ei*- 
centage composition, and (2) the sugars, 

1. The isomers of cellulose are mucilage, gums, and dextrim^ 
all of which are probably derivatives of starch. Various sub- 
stances intermediate between them have been described, but tlio 
above are all that need now be taken into account, (a) Ifucila^e, 
when not plainly resulting from the breaking up of the cell- 
wall, is colored red by rosolic acid, and the color is not readily 
removed by alcohol, (b) The (^U77zs^ of which cherry gum 
may be taken as an example, are not tinged by rosolic acid. 
{e) I)extrm am be detected bj’ Trommer’s test, which Sachs ap- 
plies as follows ; a section which is at least a few cells in thick- 
ness is placed in a porcelain capsule with a strong solution of 
cupric sulphate, and the liquid is heated to boiling ; the specimen 
is then washed in water, and dipped at once in hot potassa. 
If the ceils contain either dextrin or grape-sugar, there will 
immediately appear a reddish precipitate. To discriminate be- 
tween dextrin and grape-sugar, it is merely necessary to keep 
portions of the plant to be examined in 90 or 95 per cent alcohol, 
which will dissolve out the sugar and leave the dextrin, if any 


Fig. 35. Spliserocrystals of inulin from root; of Cicliory treated witli alcoliol. 
(Ja,oob8. ) 
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IS present. Usually all the grape-sugar is extracted in a dir 

or two. ‘'v 

2. Tfm svgars. Grape-sugar has been just referred to as 
pving the same reaction as dextrin with Tromnier’s test Tt! 
loruiula is C,II,0, _ Cane-sugar, which has the fornuik C H 0 
gives no red precipitate with the same test, but the liquid in the 
tells heemnes bright blue, and quicldy diffuses into the! potassa i 
iho. trystals areof such general occurrence in widely differ 
ent orders ot the higher plants, that there are perliaps none 
m u hicli Jiey may not be detected. They have been found in 
man y all parte of the vegetable structure, more commonly hr 
th in tenor ol parenchyma cells, sometimes in specialized mvs- 
tal- recep acles, occasionally in the very substance of the cell 
wall rhey occur either singly or in groups either seplte o 

barojy coherent, or in various degrees of combination. 

^Uion soatary and simple they are usualh- oetahedra or 
pusms. and their aggregations are combinations of these Good 
octahedral crptals are afforded by the petioles 0^600-^ 
examples of tlie prismatic form are found in the outer scales of 
onions, iir orange leaves, in the inner bark of maples anJi^^^ 
tiecs, mid ill most ot the tissues of Iris and its allies ^ 

: - the prisms are very long and slender their angles and 

faces are seldom well defined.^ Imleed, tlie most attenuated 
oinib aie usually terete, or slightly flattened, and taper «n-adinllv 
to a point at both ends. To these Do Gn., nun i ^ e.LiauaIiy 
th. n™. 

massed m a compact bundle like n ui.ooi- , ^^“eidllj 

llarge part of the interior of the eontainiiVedl. ^ 

0,.;"“ f-™' - 

.taph, a™ 


yoi- 1859, \vhs Ims t. Akoil Wiei 

4 ^ When the longer prisma are cletrlv V 

";eli3iic system. MeasuremGnt^! nf ^ ^fined, tliuy are referable to the moiic 
jp- 292.“ A ,.apr by HoUner. in Flora, 186^ 

.-j ® Orgaiiogi-apMe, 1827, p 125 

_pl . „,1 HuU, Hil, j" ">'■ 
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'of the leaves, and detached entire; on beeommg turgid wiieii 
wetted, they will usually discharge their rapliides one by one 
from one or both ends of the ceil until the bundle is almost 


are aggregated or . 

i^p ot imim- srasll 

■crystals irregular- mlMMf 

ly grouped, and y"?-;?; 

usiialiy presenting ^ 

■sliari:) points over -"v “ 

the surface, as ;m h 

in Fig. 36 a/ (2) 

those with a distinctly I’adiated strnetnre (Fig. 36 f). Good 
examples of the former are abundant in the foliage of Chenopo- 
diacem and the stems of Cactacem. Clusters belonging to the 
latter, or stellate, type are not uncommon in Malvacem. Botli 
forms have been termed Sphmrfphides ^ and Spfiere'‘Grystah. 
The term cystolith. sometimes improperly applied to them, 
should be wholly restricted to the peculiar bodies described on 
page 40, 

187. Owing to the mechanical difficult}’ of isolating plant- 


^ Turpin (Annales des Sc. nut., ser. 2, tome v., 1836) described the rapMdes- 
bearing cells of (Jaladium, in which this discharge takes place, under the name 
of biforines. 

^ “ They are most irregularly scattered through the tissues of the plant. 
. . . I have never failed to find them in a single sjiecies of the order Caryo- 
phyllace®, Geraniaceae, Lythraceae, Saxifragacese, and Urtieacese, and believe 
that few if any orders could be named in which sphaeraphides do not exist as 
part and parcel of the healthy and gi’owing structure of the plant*’ (Gulliver, 
in Annals and Magazine of hfatural History, vol. xii., 1863, p. 227). 

Fio. 36. The more important forms of crystals of calcic oxalate: a, three cells from 
the petiole of Begonia inanicata; 5, from the leaf of TraUescantia discolor; c and 
<i, from the leaf of Allium Cepa; e, from the inner bark of .dSsculns Hippocastannm; 
\f, from the leaf of Gycas revolnta; g, a cell containing raphides, from the frond of 
Lemna trisnlca ; h, a single crystal from the same, more highly magnified ; i, sphsaro- 
"Crystal from Phallus canimis. (Kny. ) 
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crystals for examination, their chemical composition has not vet 
been determined with certainty in all cases. That a protoplas 
mic film usually envelops both solitary and aggregated crvstis 
can be shown by the method pointed out by Payen ; * naikdv’ 
by dissolving the crystal slowly in very dilute nitric’ acid and 
testing with iodine, when the film will become vellowish-brwn 
It has also been made out beyond question tliat some crystals 
have a considerable admixture of ceilulosic matter, and that a 
few others are covered by a membrane of cellulose.^ But these 
two substances do not obscure the chemical reactions in ordinary 
cases, by which it has been shown that tlie larger number of ervs 
tals consist of calcic oxalate, after which, in frequency of oeciirf 
lence, comes the carbonate of the same metal. These two salts 
can be ejisily distinguished from each other by the following 
simple tests : — ^ 


Reagent 

Calcic Oxalate. 

Ctilcic Carbonate. 

Acetic acid. 

No effect. 

Bis.'.olves witli effer- 



vescenee. 

Hydrochloric acid. 

Dissolves without ef- 

: Di.«Kolvcs with effer- 


fervescence. 

vescence. 


Since these two salts may occur in the same specimen, it is best 
to use acetic add first; by this agent all traces of the carbonate 
are removed, and hydroehlorie acid can then be applied in order 
to detect the presence of oxalates. Sanio* and Holzner have 
shown conclusively that many crystals which have been supposed 
to be calcic carbonate consist merely of the oxalate. 

^ Crystals of calcic sulphate have been reported as occurriiio' 
in certain Musaee®,-* in the bark of the willow, in the roots of 
aconite, bryony, and rhubarb ; and also in the root of a young 
can. Calcic phosphate is said to have been detected in the- 


^ layeii ; Mt^m. des savants Strangers, ix., 1846 , p. 91 . 

PfitzerfPir™ Crystals in pith of Eioinus and Kerria., 

trees ’ ’ “tystala m the leaves of orange and the hark of manr 

Wo^hTf the occurrence of cry.stals at different periods A 

vonn-rL J^rom his results it appears, (1) that in the very 

earivfn JnT crystehs are to he found; (2) they appear, however, vei-y 

Sy undergo 0^9?’ speedHy attain their- maximum size, after which 

} undergo no change (Pnngsheim’s Jahrk, vx., 1867 , p. 285 ). 

Sanio : Monataber. Berliner Akad., 1857 
Van Tiegbeni : Trait4 de Botanxqiie, p. 526. 

I xungsberiehte der Wiener Akad., xxxvii, 1859, p. Ip6. 




wood of Tectona graiiclis ■ (Indian Teak)d ■ llolznm^ mes tlie 
following reaction to detect calcic s.ulphate : a solution of l)aric 
chloride (not too concentrated) is brought' into contact; .with 
the crystal under examination ; calcic sulphate soon becomes 
covered with a wdiitish deposit of baric sulpliate. . This test 
failed to show the presence of calcic sulphate in the plant- 
crystals hitherto referred to this salt ; they' all gave, however, 
the reaction for the oxalate. 

1S8. Crystals closely reseuibiing in most respects those which 
are found in ceils can be produced by Tesqiie’s' method.® Three 
test-tubes are placed side by side: in the. 'first is. a moderately 
strong solution of calcic chloride ; in the middle one, a five per 
cent solution of sugar ; and in the third, a solution of potassle 
oxalate. From the liquid in the first to that in the second a 
short strip of filtering-paper nms, and a similar strip passes 
from the second to the third test-tube ; and thus the liquids in 
the three tubes are brought into indirect contact. . Crystals wiP 
be formed in the middle tube, their character depending upon 
the nature of the liquid there. In a solution of sugar, raphider' 
are produced ; in pure wmtor. prisms of small size, but with 
sharply defined Ihces and angles. 

189. According to Soiuliay and LenssenP raonoclinic (‘* Cllno- 
rhombic’O crystals of cak*ic oxalate containing tw'o equivalents 
of water are produced upon quick precipitation, while by very 
slow action riglit octaiiedra with six equivalents of water are 
formed. 

A few works of reference are the following : — 

Mohl. Principles of the Anatomy and Physiology of the Vegetable Cell. 
Translated by Heiifrey (London, 1852), An octavo of 158 j)ages. This is an 
excellent translation of a classical work. 

Hofmeisteb. Die Lelire von der Pflanzenzelle (Leipzig, 1867). An octavo 
of 397 pages. The volnme treats very Miy of the physical properties of pro- 
;toplasin, . 

Ebermayee. Physiologisclie Chemie der Pflanzen (Berlin, 1882). This is 
the first volume of an expensive work which deals with the relations of plants 
to soil and climate, 

Husemann nnd Hilgee. Die Pflanzenstoife (Berlin, 1882). Two large 
volumes. It has very extensive references to the literature of the subject, and 
most of its abstracts are excellent. 


^Tles: Hatiirkundig, Tijdsclnift voor Nediiandsch-Indie, 1858, p* . 845. 
Quoted from Holzn er. 

2 Flora, 1864, p. 283. This communication contains a good abstract of th« 
literature of plant-crystals up to 1862. 

® Ann. des Sc. nat, ser. 5, tome xix., 1874, p. 300. 

^ Annalen der Chemie und Pharmacie, c., 1856, p. Bll. 


CHAPTEE II, 


CELLS IN THEIR MODIFICATIONS AND KINDS, AND THE 
TISSUES THEY COMPOSE. 

190. While crvptogamoiis plants of the lower grade imj 
eonsist of single cells, or of a series or stratuiii of simple and 
undifferentiated cells, phienogamoos plants, althoogii equally 
simple and homogeneous at the initiation of each iiidivkinal, 
develop into a more complex organization; at an early period 
differentiate some of their cells into peculiar kinds, multiply the 
kinds into tissues or fabric, and of these build up the organs 
and parts which are familiar in ordinary vegetation. 

191. The nucrosca’opieal study of the parts even of a single 
herb or tree, and much more that of a variet}" of plants, reveals 
ninnerons forms or kinds of cells, and also (as might be expected 
from their common origin) brings to view series of gradations 
between the kinds, sometimes even between those which are, 
upon the whole, widely differentiated trom each other. While, 
therefore, a general classification of the cells of any ordinary 
plant into kinds is easy, any classification wdiich shall satis- 
factorily exhibit our present knowledge of the histological ele- 
ments, and discriminate their varieties, is very difficult, if not 
at this time practically impossible. At least, it must be said that 
the most recent classifications are based upon considerations 
of a character too recondite and special to be mastered at the 
beginning by an ordinary student. 

192. The most general and obvious division of the histological 
components of a stem, root, or leaf would be into, (1) fimda- 
inental or typical cells, and (2) transformed cells. The first are 
those in which the normal cellular character persists without pro- 
found, if any, alteration or disguise ; as in the pulp of leaves, the 
pith of stems, and in a portion of the bark. The second are those 
which assume or affect lengthened or fibrous forms and a longi- 
tudinal development (at least in all axes, and commonl}- in leaves 
and other expanded organs), and, combined into threads, fasci- 
cles, bundles, or more massive structures, constitute the frame- 
irork, which imparts solidity and strength thronghout. Some 


TYPICAL CELLS. 
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of these cells are so long in proportion to their breadth, and of 
such diminished calibre, that they have natimillv been called 
fibres, although all gradations between them and -typical cells 
may be demonstrated. All these cells are. intercimngeabiy 
called woody iihres, or wood-cells, and one kind.ot them takes 
the name of bast-cells. 

198. Others 'are. of larger calibre, are peculiarly marked by 
thickenings on certain liiies or in certain patterns, incline to be 
developed end to end in a elmin or row, and to become eonfiuent 
at the junctions, so as to form conduits of considerable length ; 
these are called vessels, or ducts. Vessels and fibres are 
associated in the plant; almost every separate thread of frame- 
work consists of botli, and so is called a fibro-vasetilar bundie or 
fascicle. Moreover, the knowm gradations betw^een the two are 
such as to render a complete distinction betw^een them nearly im- 
practicable ; so that the 3 yfbnn the fibro- vascular, or, when a 
single- word is used, the vascular system. To this system, also, 
pertain specially dlSbrentiated cells, such as cribrose-cells, in the 
bark, etc. 

194. All these are develo[>(‘d in or among the fundamental 
or iiiiti'ansformed cells, and originate from the differentiation oi 
some of them. 

195. Tile fundamental or typical cells may therefore be said 
to constitute the fundamental system; wdiieli may also be con- 
veniently called the cellular system, in contradistinction to the 
vascular. 

196. In an ordinary leaf it forms all but the framew’ork of 
ribs and veins ; in the stem of a dicotyledon, the outer bark, the 
pith, and the rays which traverse the w^ood ; in that of a mono- 
cotyledon, which generally has a looser texture than the last, it 
is the common mass through wdiieli the definite bundles of the 
vascular system are distributed. Of the fundamental system, 
the most typical or unmodified cells are such as the chlorophyll- 
bearing cells of leaves and of the green bark of stems, as w^ell as 
those with iincolorecl contents forming the pith, etc. Borrowing 
a word from the old anatomists, tlie early investigators of vege- 
table structure called tissues composed of such cells Parmc?/??/- 
ma, perhaps taking the idea of the name from leaves in which 
the veins are distributed througli the softer parts as blood-vessels 
through the parenchyma of the glands, 

197. Parenchyma, therefore, is the name of cellular tissue 
In contradistinction to fibro- vascular tissue. In its primary 
sense, only comparatively soft and thin- walled cellular tissue 


‘ ' f 'f ^ ^ j n 'S™ ' < ^ ' 1 r ■ 
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took this name, and this is indeed typical parenehyma ; but the 
name rightly includes, as species or varieties, thicker- walled and 
even solidified tissues composed of cells similar in other respects 
to the type, as those in the hard endosperm of seeds. 

15)8. A counterpart name, Fromickyma^ was employed to 
designate tissues Ibrmed of elongated cells, such especially as 
wood-cells and bast-cells. These being usually thick- wailed, 
and those of typical parenchyma thin- walled, this character was 
brought into the definition ; that is, ceils of prosenchyma were 
said to be thick-wailed as well as long and narrow, those of 
|)arenehyma thin-vralled as well as isodiametric. But this dis- 
tinction does not hold out well. Ail fibro-vasciiiar tissues are 
thin-walled at first, and some remain so ; wdiile portions of pure 
parenchyma may become thick- walled, firm and hard, or take on 
every intermediate condition. So that prosenchyma may be best 
held to denote tissue of the tlbro-vascular system, and typically 
that formed of wood-cells.^ 

199. An explanation of the mode of production, multiplica- 
tion, and transformation of cells is deftwred to a later stage. 
Suffice it here to advert to the fact that every phamogamous 
plant, originating in the seed, begins as an isolated cell, wdiich 
develops into a globular cluster of parenchyma cells, and grows 
into the embryo or rudimentary plantlet, taking on tlie shape and 
degree of development characteristic of its kind. In embryos 
which are considerably developed in the seed, tiie axis and be- 
ginnings of the leaves are already outlined or rudimentarity 
indicated there ; in others the indication takes place in the early 
stages of germination. 

200. From this if not from an earlier period development 
is no longer homogeneous. A superficial layer of the common 
parenchyma becomes distinguishable as the epidermis ; while in 
an inner zone, or at special points, certain cells develop into ducts 
and wood-cells (prosenclnmia), and thus are initially delineated 
the outlines of the systems or regions which are to characterize 
the whole growth ; namel}’, — taking a dicotyledonous embryo 
for the type, — an epidermal layer, a cortical layer, a fibro-vascu- 
lar zone, and a medullary portiqn. As stem and root develop, 
these primordial tissues complete themselves and have only to 
go on growing, each after its kind ; but at the developing points 
(apex of the stem and of the root), as also in special portions or 


^ *‘Zu dem Prosenchyra im we-item Siime konnea wir aiich die Gefiisse 
zalilen” (Niigeli : Beitriige, i. p. 2). 
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^ Som(‘tiiues a single cell in a uniform tissue may develop unlike its neigh- 
bors ns regards one or more of the following characters : form, size, nature of 
cell* wall or cell-contents. Such cells are termed by Sachs, idioblasts. 


zones, initial differentiation continues, ' Here the nascent tissue,' 
consistiiig of pareiiciiynia ceils, miiitiplying by siicceBsive divi- 
sions, and also the nascent prosenchyina as it forms, and while 
still capable of further division, has been named lleristem. 

' ' 201. Meristein, therefore, is not a kind of tissue, but the 
luisceiit state or early condition of any tissue. It is developing 
paivuchyina, either miiitiplying as such, or differentiating into 
elongated forms, as for instance, in cambium. 

Leaving the processes of cell-deveiopnient to be considered 
under the head of ^‘Growth/' and the disposition of cells and 
tissues in the fabric to be described under the several organs 
p'oot, stem, leaf, etc.) which they compose, the kinds of cells 
are here to be indicated, without particular reference to their 
arrangement in the plant. In ail classifications of objects which 
are understood to have been developed from one type, interme- 
diate forms of almost every gradation are to be expected. It is 
s[)ecially so with plant-cells ; and of them it should be said, once 
for all, that the kinds wdiieh have received distinct names, with 
or without sufficient reason, are only types, or leading modifica- 
tions, — some of a very marked, some of a quite subordinate 
character.^ 

202. Plant-cells are to be described in this chapter under the 
following classification : — 

I, Cells of the fundamental system, or parenchyma cells, — 
permanent typical ceils. 

L Parenchjuna cells, strict!}’ so called, including as modi- 
fications collenchyma cells and sclerotic parenchyma 
cells, or grit-cells, such as the lignified cells of seed- 
coats and drupes, etc. 

2. Epidermal ceils, and their modifications; e, Tn- 

chomes. 

3, Cork-cells, forming soberons parenchyma, or cork. 

IL Cells and modified ceils of the ffbro-vascular sy’stem, — pros^ 
enthYina ill the widest sense. 

1. Cells of prosenehyma proper. 

a. Typical wood-cells and woody fibres, including libri- 

form cells (Sanio), and the secondary wood-cells 
(DeBary), 

b, Vasi form wood-cells, or Tracheids. 
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2. Vessels, or ducts* 
a. Dotted. 

h. Spirally marked, 
c. Annular. 
cL Reticulated. 

€, Trabeeuiar. 

3. Bast-cells, Bast-fibres, or Liber-fibres. 

m. Sieve-cells, or Oribrose-cells. 

IV. Latex-cells. 

Intercelkiliir spaces and canals are neither cells nor tissues, 
but they requii-e consideration in connection with them. 

1 Cells of the Fundamental System, — Parenchyma in the widest 
sense, including Modifications for Protective Surfaces. 

PAKENCHYJIA. 

^ 203. Tins term is applied at present to all typical cellular 
tissue except that which belongs to the epidermal system. It 

t lie re fore con stitntes 
the mass which sur« 
rounds fibro- vascu- 
lar bundles, forming 
pith, medullaiT ra^’s, 
the pulp of leaves 
and fruits, etc. It 
occurs in nearly all 
parts of all plants. 

Tlie elements of 
parenchyma are sim- 
ple cells more or less 
separable from each 
other, in some cases 
by slight pressure, 
and in others by the 
cautious use of a 
m. ^lacerating solution. 

The cells vary greatly in form, but nsnally are polyhedral or 
pheioidal. E.vtended classifications of the cells themselves, 
ased upon fom, have been made, but they are of no utility 
and of small historical interest. Yet three principal shapes may 
well be distinguished ; namely, short or isodiametric, elongated, 
and flattened. - ' ® ■' 



Fig, 37. Parenchyma from stem of Marrubinm. 


^1". (Jacobs.) 
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204. In tlie joungest state of organs 
form the whole mass ; here the}^ are rel 
protoplasm, and have 

no iiiterceliular spaces. f 

Later thej are changed iTiTr^ 

in shape and size, may \ \ \ \ \ 

have coiispicuous in- h j 

tercellular spaces, and / 

the protoplasm may be r J ( o P 
replaced, at least in Vj 

part, b}" other matters. \ 

205. If the cells are 
loosely aggregated and 
have eonspiciioLis in- f 
tercellular spaces, the 

tissue is called spo/ig^ L \ A / 
pare7ichi/ma. The ceils 
in such eases are apt 
to be more or less 
branched, and 


in some plants assume regular stellate forms. 
Elongated parenchjnna cells are generally more com- 
ombined than the short ones. Thej" are well seen in the 
\i M upper part of most leaves, where 

I they have received the signiticant 

I' pciHscuIe-celis. 

^ .. 207. Flattened parenchyma 

/I \ the common form in the 

liv" I I plates (medullaiT rays) 

1:' I which radiate from the pith to 

the bark in woody plants. 

.v| ^68. The walls of typical pa- 

'v"f’ cells are thin, and may 
""^^5 ‘•| variously marked with pits, 

especially at the points of con- 
^^^th other cells. Thicken- 
\ ' '4- ‘*‘1 threads forming reticulations 


pling or foldim 
leaves. 


Fkj. 38. Form s of paren cli y 


./ma ill leaf of Fyrus commiuiis. 
From pirli of Sambuctis nigra, showing pitterl walls. 


(Jacobs.) 

((iris.) 






€2 MOKPHOLOGY OF THE CELL. 

209. TMn-waUed parenehjma cells play an important part in 
assimilating and storing, and special names are given to cells 
which have these oiBees, such as chlorophyll parenchyma, starch 
parenchyma, etc. In the tissues of most succulents', and in the 
leaves of a few plants, some of the parenchyma cells are filled 
with clear sap and more or less mucilaginous matter, and eon. 
stitute the so-called water tissue. 

210. Ihe walls of typical parenchyma cells consist of ordinary 
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cellulose , but even slight deviations from the type furnish good 
Illustrations of lignified and of cutinized membranes. 

^ ^n. Lipiflcation may increase the thickness of the cell-waU, 
gieatly reducing the cell-cavity, or it may merely harden the 
membmne without much thickening. The parenchyma cells 

S k tt^^es have 

other frV! i ‘he grit-cells in pears and many 

cdk am examples of the former. Such hardened 

cells aie called sclerotic parenchyma cells. 

Pio.40. Sclerotic pareiwhyma cells from fruit of the pear. (Weiss.! 



^ A second kind of sclerotic parenchyma sometimes accompanies the longer 
sclerotic cells in a few ferns and some monocotyledons. Its cells appear as if 
segments of a jointed fibre, somewhat flattened on the side next the long cells, 
and deiftdedly convex on the other. Such flattened cells are unequally thick- 
ened on the two sides, and the walls are somewhat silicitied. But the most 
striking feature in many cases is the deposition within the cavity of the cell 
of a mass of silicic acid ; this is well seen in the hard cells which accompany 
the fibro- vascular threads in the leaves of some palms. 

Fio 41. A sclerotic cell from tlie nutslien of duglans regia. (Reinke.) 

Fig. 42. Section tlirough tlie central cyliinler ol a binary root of a vascular crypto- 
gam (Gyathea metlullarls). I?, r, r = (Yan Tiegliem.) 


thickened walls, .as .shown in 
Fig. 41.^ 

', ..212. Certain modified pa- 
renchyma cells are often united 
to for.m sheaths around fibro- 
yascular bundles. These cells ' 
are prismatic, and .in close 
apposition. Their walls are 
.thin, except at their faces of 
:. mutual contact, wliere they are ■ 
conspicuously tliickened, and 
often plicate, and nearly ail 
parts of the membrane are 
more or less cutinized. 


213. These cells con- 
stitute the emhdennis. 
They generally contain a. 
large amount of starch. 

214. Farencdiyma ce 11s 
may undergo the inu- 
ci lagi nous mod i fi ca tio n 
(see 147), as in the con- 
ductive tissue of the 
styde of many flowers 
and the albumen of mairy 
seeds. This change is- 
common also in the lower 
plants. 

215. An appearance 
closely resembling in 
some points that pro- 
duced by the mucilagi- 
nous modification is pre- 
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sented bj the parenchyma cells just under the epidermis, oi 
outer layers of cells, in many plants. The cell-wall is thickened 

I 



very considerably at the angles, and upon the application of 
dilute acids swells greatly, but without becoming clearly muci- 

laginous. When moist, 
such cells have a bluish- 
white cold' and a marked 
lustre. They are known 
as 

21 G . €ollenchyiiia cells* 
They are generally some- 
what elongated, and so 
united as to form threads 
which possess great 
strength, and are believed 
to serve an important me- 
chanical office in the plant. 
G-ood examples of these 
are afforded by the stems 
of many Umbelliferse* 



44 


epidermis. 

fJ^nf layer of cells covering the sur- 

Stle chit persists with 

change throughout the life of the organism ; in others it is 

elongata. (Capus.) scaDios^foha ; 6, from the stigma of Gesneria 

cells just under tlie epidwmirep! ^Note showing collenchyma 

^ndodermis atap, (Van Tieghem.) ordinary parenchyma at and the 
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sooner or later tMrown off, and replaced by a subjacent prote 
•tissue, — cork. ■ 

218. Except at peculiar openings (stomata, etc.), the ejc 
mal cells are in close apposition. Upon their exposed su 
they are cutinized, and thus a continuous hyaline film is for 
known as the Cuticle?- 

219. Sometimes the epidermis may be torn off without ; 
clisturbing the underlying tissues. 

220. Besides the cells which compose the proper tissue o 
epidermis, there are certain ap- 
pendages or accessory structures, 

mainly hairs or analogous pro- 
diictions (together called tri- ^ •y M * , 

cliomes) , and peculiar cells which \ & 

constitute the stomata. ^ 

221. Epidermal cells proper are 

in uninterrupted contact. They V ' * iS 

are iisuall}" of a tabular or pris- 

matic form. The lines which ^ 

mark their outlines as viewed _ 

45 

from above are sometimes 

straight, but oftener sinuous, at least on the longer sides o 
cell, whicli here as elsewhere correspond with the directs 
growth. Near stomata and triciiomes the cells frequently" as 
very irregular forms. 

222. Their upper or free surface is generally slightly coi 
and often has minute outgrowths, for instance, in velvety p( 
when these are larger and longer, they" constitute the sin 
form of plant hairs. 

223. Delicate epidermis possesses thin walls ; but in a 
number of fleshy and tough plants the walls have considc 
thickening, yet not always on the same part. Thus in the 1 
of Gy cads the upper wall is the thicker ; in many Bromelii 
the lower and side walls. In a few cases the cell-cavity' is r 
filled by' the thickening material. Stratification, striatioii 
pitting of the cell-wall may also occur, great diversity ex: 
in ail these, respects. 

224. When the epidermis is very delicate, the demonsti 
of the thin film of cuticle requires great care in the employ 


^ By De Candolle the term cuticle was applied to the layers of epi 
cells, and not restricted to the cutinized film (Pliysiologie, 1832, p. 109 

Fig. 45. Stoma of Sambucus nigra surrounded by epi&ermis. 
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Of the reagents. According to de Bary/ the cuticle me, - pI. 
covers the pure soft ceUnlose membrane of the epiderLT celk 
when_ these are thin-walled; but when the walls arTtW-l 
^peemlly in epidermis which is long-lived, that part of the t? 

an. tb? t, ' “filtrated with cutin 

and thus there airse one or more layers of modified cellule’ 

each of which exhibits the reae' 
tions of cutin. When such cells are 
treated with warm potassic hydrate 
(a ten per cent solution is, on the 

whole, strong enough), the cutin is 

slowly removed, and the ceUulose 
wall remains, although with eon- 
sidm-able loss of substance. Walls 
which are thus impregnated with 
eutin in strata form cuticularized 
layers? The management of a 
warm solution of potassic hydrate, 
in order to obtain satisfactory re- 
sults in the demonstration of the 
fine stratification, demands much 
care. It is advisable to apply very 
gradual increments of heat to the 
glass slide in the case of the more 
delicate specimens. 

225. Wax}’ and resinous matters 

are frequently associated with the 
I i , cuticle. In some cases the amount 
of meh snb^nois is lai^o, ad assumes eommotdal impomuoo. 
Tbs joniig leaves of th e „az palm (Cerosjlou midicola) are s."d 

^ Vergleieheiide Anatomie,p. 80. — 

can be easOy demonstrated in some 
color to the tli'int fT ° cUoroiodide of zinc, which imparts a yellowish 

as follows • ce l-wall in Viseum album, where the film is very thick, 

enclosed one w!tK “ three generations 

sMe hfve bLomfhlerde^^ 

These layers are to be * membrane composing the cuticle, 

tingnish ttein from the*"Ma« outioular layers of the epidermis, to dis- 
h wem Horn the mass secreted on the outside of the cells, the true 

non-enticalarized parts «, section in water,— the 

layers covered by “P”™ ‘^ese are the cutioular 

proper has been raised from the *" Potassio; hydrate; the cuticle 

drate; cuticle proper removed section boiled in potassic by- 

l>y finer stratification, ’ ^ cutieular layers distin^^^^ 
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to yield twent^’-llve pounds of wax to each tree. Bajberry wax 
is a more familiar example. . 

226. To such w^axy coatings is due the glaucous appearance 
of the leaves and fruits of many plants. The coatings are chiefly 
of the following kinds (de Bary : — 

1. Coherent layers or inerustatlons upon the epidermis. 2. 
Crowded vertical rods of considerable length, as, for instance, 
those on the internodes of Saeciiarum offlcinariiin, from ten to 
fifteen hiindredtiis of a niiliimeter in height. 8. Very short 
rods or rounded grains. These, on the leaves of Tropseoliim, 
are not very near together, but on those of the cabbage, tulip, 
etc., are more crowded. 4. When the grains are more minute, 
and have the shape of needles irregularly massed together, they 
constitute the peculiar bloom of the leaves of Eucalyptus, 
Ricinus, etc. 

227. Between the above kinds there are many intermediate 
ones, Agave Americana, for instance, furnishing forms between 
the two last named. 

228. Epidermal cells proper have a delicate lining of proto- 
plasm and a distinct nucleus. The cell-sap is generally colorless 
and transparent, allowing light to pass with very little obstruc- 
tion to the layers beneath the epidermis ; but in some cases 
it is so colored as to impart a eonspieiioiis hue to the plant. 
In many wuiter-plants there is no well-marked distinction be- 
tween epidermis and the subjacent tissue, even the cells of 
the upper layer containing chlorophyll, but epidermal cells are 
mostly free from either chloroplyyli or starch. Brongniart has 
shown that some amphibious plants have chlorophyll in the 
epidermal cells of the aquatic but not of the terrestrial form. 
That the rule is not universal is shown by Callitriche, which, 
according to Hegelmaier, has epidermis without chlorophyll in 
both forms. 

229. Epidermis usua% consists of onl3" one stratum of cells, 
but it may be made up of two, three, or even more layers. 
Division of the original epidermal cells by one or more partitions 
parallel to the surface of the leaf gives rise to superposed cells ; 
and thus multiple epidermis results, as in the upper surface of 

cuticle, which is soluble in caustic potash, and in most cases forms but a very 
thin coating over the epidermal cells” (Veg. Cell, Henfrey's trans., p. 35). 
Good examples for study of the difierent kinds of cuticular infiltrations are 
afforded hy the following, — leaves of Dianthus earyophyllus, Galanthus nivalis, 
Ilex, Pinus, Hoya, Sassafras, and Taxus, and twigs of Viscum and of Oleander. 

1 Botanische Zeitung, 1871. 
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the leaves of many species of Peperomia, Ficus, and Beo-onia 
Multiple epidermis is not always of even thickness throu4oiit • 
sometimes a portion maybe only one or two cells thick'" while 
adjacent portions are composed of many layers. Such ’differ 
euces are generally associated with the occurrence of stomata' 
hairs, etc. The subjacent cells in some forms of multiple euV 
dermis are smaller than those above them, and in these cases 
the arrangement of the cells in the successive layers nresents 
Striking inequalities. - . 

2;30. Triclioines* Under 
this term are included the 
multifarious forms of hairs, 
scales, bristles, and prickles! 

^ Ilairs are sometimes of 
di\ erse forms on the same 
plant, and even on the same 
part, but sometimes so pecu- 
liar and uniform throughout 
genera, or even orders, 
that they aid in their iden- 
tification ; as. for instance, 
in Malpighiaeeae, Loasacem, 
and Elaeagnacem. 

231 . Simple hairs, whether 
branched or unbranehed, are 
formed by the prolongation 
of a single epidermal cell, 
either slight, forming a 
mere papilla, or to a great 
length, as in the so-called 
fibres of cotton. Simple 
hairs are abundant upon the 
rootlets of most plants at a 
^iffie distance behind the ad- 
vancing tip, where the.y play an important part. 

232. Compound hairs are of all degrees of com- 
plexity. They may start from a single cell, or from 
agioup of cells, and may have the derivative cells 
ananged in many w^a^^s. The cells at or near the 



s:; 

Fig 4S. Cvnoglossnm offiHnnle > 

bristle et the begiuningof the thickeiUng* »}a"fstxMburger.7''®'’ “ 
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foot of the hair^ may differ somewhat in shape, size, and arrange* 

meat from the other epidermal ceils. They may form an emi* 

neiice upon which the foot rests, or they ma}' be somewhat 

sunken so that the body of the hair 

hardly reaches the general surtace of ■ 

the epidermis ; but usually the hair 

projects for a considerable distance X** 

above the border of the depression. 

Both simple and compound hairs 
maj' be variousi}'' curved- and ^ 
branched, giving rise to stellate and 
many other forms. 

238. Scales are trichomes which b 

are mostly compound, and consist 
of discs- borne by their edges or cen- 
fcres, either with or without a short .M 

foot or stalk. If the disc is com- 
posed of radiating ceils, the scale ^ 
becomes stellate, a form whicli re- 
sembles or passes into the stellate 
and tufted hairs common in Mai- 
vacese, etc. ^ Well-marked stellate 
scales are met with in Oleacem and 49 

Eheagnacem. 

234. Bristles^ pricMes and epidermal spines are firmer or 
stouter outgrowths. When such outgrowths are truly epidermal, 
they come off with the epidermis. 

Hairs, scales, and prickles differ very gi’eatly as to their per* 
sistence, some being exceedingly short-lived, as, for instance, 
the hairs which occur on roots ; while others, for instance the 
prickles on the rose, last for long periods. 

235 . In certain outgrowths from the edges of leaves or else- 
where the structure is complicated the presence of a portion 
of the underlying framework. This is notably the case in the 
fringe upon the leaves of Droseraceae. There are ail degrees of 
variation between such trichomatous outgrowths and spinulose 
teeth, or lobes. 

236. The consistence of the cell-wall in trichomes varies 
widely, from extreme tenuity to the density of a silicified wall. 
The more delicate hairs are transparent, so that the contents 


Brandling unicellular hairs: a, from Hum ulus (the hop); d, stellate hair 
(Van Tiegbem.) 
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238. stomata. 



can be plainly seen, thus affording opportunity for examining 
the movements of protoplasm, and for the study of the effects 
of reagents upon the contents of cells. 

Young hairs contain mueh protoplasmic matter; at a later 
stage they have a large proportion of cell-sap ; still later many 
are filled only with air. ^ 

237 . At first the epidermis is .always completely continu- 
ous, the cells being in close contact with each other- but 
soon there appear, especially in leaves, guarded openino-s 
through_ which the interior of the plant is brought into com- 
munication with the surroundmg atmosphere. These apertures 
are of two principal kinds, the most important and widely dis- 
triboted being 

These are combinations of epidermal ceils of 
a peculiar character, between 
which a narrow slit extends 
directly through the epidermis 
to an intercellular space be- 
low. The cells bordering the 
slit are well termed guardian 
cells, on account of their 
opening and closing under 
certain circumstances. The 
neighboring epidermal ceils 
are frequently arranged in a 
definite order ; and the po- 
sition of the stoma has in 
many eases a plain relation to the underlying framework. 

btomata belong especially to green organs exposed to the air . 
but they haye beeu detected on aU superficial parts of the plant, 
With the exception of roots. ^ 

239. Viewed from above, stomata appear generally as elliptical 
bodies through which runs a narrow slit in the direction of the 
longer diameter. Each guardian cell is therefore half the ellipse. 
The cleft vanes m width according to certain external condi- 



* The following cases are cited by de Bary ( Vergl. Anat., p. 49) • On rhizo- 
mte^and tubers (young potatoes), on the'^ierianth, tL IthJ 'lin LnZ 
Sf mw ’l°“ f’" ®'sed-ooat (Ganna). Plants destitute of cbloro- 
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tioils hereafter to be deseribeci, the ' stoma being in fact a deli- 
cately balanced valve. A vertical section shows that the outer 
part of the opening is wider tiiaii the narrow passage farther 
down, and that the space below this widens somewhat towards 
the intercelMar cavitjA 


i The following table, eoinpiled from figures given by Weiss, gives the lumi- 
tjer of stoiiiRta on the upper and under sides ot the leaves ot various plant): 
for the most part readily proeurahle by students. To show the wide diliereiicei 
in sixe, the longer and shorter diameters have been added, and, ftiially, the frac- 
tion of a stpiiare inillinieter covered by a single stoma. 


Number in 
sq. mm. 


Name of plant. 


Abies balsamea ...... 

Abies nigra. .... ... 

Acer PBOudoplatanus, L. . . 

Amarantns cauclatiis, L. . . 

Anemone riemorosa, L. . . . 
Asclepias incarnata, Ii. . . . 

' Aveiia sativa, L. , . , . 

Berberis vulffiiris, L. . , . . 
Betula alba.'L, ...... 

Brassica oleracea, L 

Buxiis sera per virena . . 

Caltha palustris, L. .... 
Euphorbia Cyparissias, L. . . 

Ficus elastica 

Galantlius niralis, L ... . 
Oeraniam Eobertianiini . . , 
Heliantliiis animus, L. . . , 
Hydrangea qiiercifolia, Bertr. 

Ilex Oassine • 

Juglans nigra, L 

Lilium bulbiferum, L. ... 
Miicltira aurantiaca, Nutt. . , 

Mimosa pudica, L 

^Morus alba, B. . . . , ' , . ' 

NympluBa.alba, L. . . . . . 
Films Strobus, L. , . , , . 
Films sylvestrls, Ti. . , . . 
Fisum sativum, L. .. . . , . 
Fittosporam Tobira, Ait, . . 

Fopuius dilatata, Ait. . , . 

Eibes aureura, Pursli .... 
Secale cereale, L. ... . . 
Sequoia gigaiitea (young plants) 
Silene iiitlafca, Sin. ..... 
Solannm Dulcamara . . . . 
Stellaria !ne<}ia, Sm. . . . . 
Syringu vulgaris, L. . , . , 
Vinca minor, L. . . . . . 
Vinca minor, var. variegata . 
Zea Mais, L. . . . . . . , 


i The space in a 
’sq. mm. covered 
by a stoma. 

g o : 




P “ i 


1 

0 ■ ■ 

o.2im 

0.0276 ! 

0.0T3I 

0 

0.1280 

0.0195 1 

0.0672 

: 0 1 

0.0947 

1 0.0247 

0 0702 

I 0.0706 

0.0554 

i 0 

0.1305 

! 0 

0.0972 

, 0.1137 


0 

0.0942 

0 

0.0482 

0 

0.09H9 

0 

0.il87 

0.0176 

0.0323 

i 

0.3356 

0.1074 

O.W 

1 0 

0.1015 

1 O ' 

0.1206 


0.1563 

■O'! 

0.1751 

1 0 

0.0695 

0.0164 

0.0927 

0 ' 

0.0547 

0 2070 1 


0.1945 1 


! 0.0307 1 

0.0436 

! 0.0323 1 

0.0691 

! 0 ■ 1 

0.2494 

■ 0.0363 

0.1471 

1" 0 ' 

0.1026 

i 0 

0.0269 

: 0 

0.1434 

0.0386 i 

0.0905 

0.0139 i 

0.0607 

0.0758 


1 0 

0.1162 

I -0 

0.1961 

! F 

0.1223 

! 0.0792 

0.1332 
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Ihe cells thus slight^ separated at 
by subsequent growth 
bnng about changes 
In the relations of the 
neighboring cells. 

In Sedum, as shown 
bj Strasbiirger, there 
are preparatory di^i- 
sions in different di- 
rections, while in 
some monocotyledons 
there are simultaneous 
divisions in contigu- 
ous epidermal cells. 

241. Stomata are 
not present, at least 
in a perfect form, in any submerged 


. 240 . As appears from, 
the following figures, the. 

. .first stage in the devel- 
opment of an ordinary 
stoma is the separation 
. of a part of; an epider- 
mal ceil by means of a 
vertical partition, thus 
forming the mother-cell 
of the stoma. This 
next divides by a verti- 
cal plane wdiicli soon 
exhibits a narrow chink., 
their common w^ali may 



53a 


plant. In aquatics with 



kJ (Strasburger.) 
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floating leaves they are confined to the upper surface of the 
leaf, 'rhe leaves of certain plants, as those of monocotyledons 
and those which take a vertical po- 
sition, have them in nearly equal ^ 
numbers on the two sides; but in 

the number on the under \\ J ( // 


most cases 

exceeds that on the iippeiv siirfe^^ 

as will be seen from the table on 

page 71. As regards the approxi- 

mate number on leaves of average ^ 

size ill some of oiir common plants, 64 

the following figures ma}’ be of 
interest: — 

Nymplisea 7,650,000 

Brassica oleracea ... . • • * 11,540,000 
Heliantliiis amiuus 13,000,000 

242. ’Whter-’pofQB. Directly over the extremities of the fibres 
of the framework of many green leaves are found apertures in 


cells do not close under external influences. 


1 That is, the bordering 

Fio. 64. Vertical section of stoma of Sedumspurium. (Strasburger.) 

Fio. 65. Water-pores in leaf of Rocbea coccinea. The leffc-band figure shows both 
an ordinary stoma (the lower one) and a water-pore (the upper), as seen on upper surface 
of leaf. The right-hand figure shows the structure displayed by a vertical section. (Van 
Tiegliem.) 
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CORK, 


to the fact that their cavitj- answering to the intercellular space 
of a stoma is often filled with water instead of air, these have 
been called water-pores. At certain times liquid water passes 
through these pores, collecting at the opening and som^imes 
leaving there, upon evaporation, slight incrustations of calcic 
carbonate. W ater-pores assume different forms and vary much 
in size. Good examples are afforded by many Aroidese "bv the 
teeth of the leaves in some species of Fuchsia, the leaf-mar<.ins 
111 rropseolixm, etc.^ 

Small rifts of nearly the same shape can be found in certain 
grasses ; but in these the aperture comes from a mechanical rup- 
ture,^ and the underlying structure is very simple.® ■ 


243. This protective tissue is formed beneath and replaces 
epidermis in the older superficial parts of plants ; it also con- 
stitutes the films by which wounds are healed. Only the inner 
layers of cork-tissue possess cellular activity, those which lie 
outside of them having perished : the former contain protoplasm 
and are capable of cell-division ; the latter contain air, and 
occasionally small clusters of crystals. The inner, active, and 
^■owing layers are known as cork meristem, cork cambium, or 
/ hellogen; tlie outer, produced from this and no loimer Ih-ino' 

Sr Alt?® '"h? °"^^‘"arily called 

in Ph^nf older cork-tissues must be further described 

in Chairter III under “Bark,” their elements may be eonven- 

them connection with the cells which produce 

' th from several different sources, 

-1 division of 

Si ro?® ®P^«es of Pyrus, Salix, Viburnum, 

etc.) , (2) more commonly from underlying parenchyma, in a few 

£iurS« f from parenchyma at 

injured surfaces, as in the healing of wounds. 

flowi produced upon the stems and roots of 

flowering plants, especially dicotyledons. Its cells are generally 

r4 Anatomie, p. 54. and 

: ® Be Bary ; Anatomie, p. 67. 

® Gardiner: Proceedings Camb. PhU. Soc.. 1883 
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formed by tlie division of tbe motber-cell into two tabular cells, hy 
a partition parallel to the surface of the organ. In most cases 
the outer cell becomes 
cork, while the inner re- ... 

tains its power of division ' . 

and ill turn produces new : 
cells. But with the first 
appearaiice^ ^ of cork^ 

outside of it : they are cut ■ 

off from nutritive supplies f 

and soon die. The con-' 1( 

tinuous layers of cork are - 18 =:*=^/ ^ Y«======-^^ \ 

called, collectively, JR 674- \ 

derr7i^ a name restricted Xj^- 

by Mold to tough cork in | ] u==r==J / 

distinction from soft cork, / 

but noiv employed with a- 
wider signification. ■ : , 

246. Cork nieristem 
gives rise to successh-e 
layers of eork-eells ; if the 

new layers difier much 56 

from the preceding in the 

shape and size of their cells, an appearance of stratification 
naturally results. Coi'k meristem may, in exceptional instances, 
produce on its inner side permanent parenclijma, the cells of 
which contain chlorophyll ; these green layers are called J^/iei- 
loderm^ and are observed well in the beech, willow, etc. (see 
Chapter III.). 

247. Cork-cells are tabular, or sometimes cubical, and with 
few exceptions have no intercellular spaces. In the case of very 
flat cells wfliich cohere more firmly laterally than in the line of 
the radius, the cork-tissue may be readily separated in films or 
sheets. 

248. The walls of older cork-cells are cutinized or suberized 
throughout. The demonstration of cellulose In cork-cells is not 
possible unless the cells have been first acted on by solvents, 


!Fig. 56. Formation of cork in a branch of Kibes nigrum, one year old; part of trans- 
verse section: 7i, li air; e, epidermis; |?r, cortical i>arenchyn]a, somewhat distorted; 
A', the total product of the phellogen c; &, cork-cells; jpd, phelloderm; 6, bast-cells. 
(Sachs.) 



250. Cells which haye been completely snberized can be sepa- 
rated from each other by the gradual action of Seliiilze’s macer- 
ating solntion.^ 

251. The color of cork-cells is not dependent upon the ainount 
of the change of the wall into cork-substance. The walls of the 
cells in some species of wdllow are colorless, while tliose in other 
species are distinctly’ yellow’ ; and yet the former have been as 
thoroughly changed into cork-substance as the latter. 


II. Cells of the Fibro-vascular System, — Proseiicliyma in the 
widest sense. 

252. The cells and modified cells of this system constitute 
the framework of a plant. In a few of the higher and in many 
of the low^er plants it is barely’ if at all developed, the entire 
structure consisting, in such cases, of a mass of parenchyma 
covered by epidermis. But in most plants it exists as a skeleton 



^ This fact has led to the belief that there exists in such cases an interme- 
diate plate which differs in its character from the rest of the cell-wall ; but 
prolonged action of the same reagent, especially with warming, causes the cells 
to break down and ultimately form a disorganized mass. 

Fio. 57, Formation of cork and secondary cortex in Betiila verrucosa. C, D, 

suocossive stages ; 1, first layer of secondary cortex; 2, layer wliicli divides in ig, to give 
outside the first layer of cork (sliown in C), and a layer, 3, witliin, whicli again divides 
ill Z>. (Sanio. ) 
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bringing all parts into closer relations, and strengthening the 
whole. 

,253. The cells are noniiallj of considerable length in pro- 
portion to the transverse diameter, and are generally more or 
less sharply pointed (proseuehynui proper). The most impor- 
tant of the modified cells belonging to this system unite to foriii 
long rows in wiiit*h the terminal partitions are nearly or quite 
obliterated, throwing the ca\'ities into one, and thus forming a 
cylinder, termed a dmL Between proper proseuchyina ceils 
and ducts there are numerous connecting forms which render 
impossiliie any attempt at classifying them exactly.^ 

Assotaatecl with these cells, but differing in some important 
particulars, are cribrose and latex cells, which for coiivenienee 
are here to receive separate treatment. 

254. Before developing the provisional classification given 
on page 59, attention must first be directed to the peculiar 
transitional forms constaiith’ met with, winch belong as much 
to parenchyma as to proseiichyma, but are more conveniently 
examined in eoimection witii the associated w^ood-elements. 

Chief among these intermediate forms must be mentioned 
those of whlcli Fig. 58, No. 9, may be taken as a represen- 
tative. Here the whole structural element is isolated as an 
elongated eombination of tiiree cells, one of which has fiattened 
ends, while the other two, attached to these ends, have their 
free extreinlties pointed. In spite of their form, such cells are 
usually described as wood-parenehyma ceils. When their walls 
are thicker, they are not easil}’ distinguishable from septate 
libriforrn cells (see 263). 

255. The forms shown in Fig. 59, No. 19, are common in 
the wood of many plants, notably the oaks. They are rela- 
tively small, have rather blunt extremities and thin walls. They 
occur with these characters especially in the autumnal wood of 
the oaks (see 395), while in the spring wood they are apt to 
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pass over into the variety shown in Fig. 59, No. 18. The latter 
are known as “ conjugate cells.” 

PKOSENCHYMA PROPER. 

256. Typical wood-cells. These are best illustrated by elon- 
gated, often pointed cells, of which good examples are found in 
the cambium layer (that is, the layer of merismatic or formative 

1 



s rr;- 

wooil-parenclivma fibre i ft Snw-V 'rood-parenchyitui (alls. o. Ordinary 

radial sec.tion ri,e woorf sul.sHtute fibres seen in 

37. Radi.al section ThmrW e ^ 

tbrniifilj a lil>riform fllire and , „ .Is, T.angenfial section 

39-42. B.ast-eells of CvtisLTab ‘ rnm medullary ray of tbe same plant. 

b.T.st-l,nndIe acted .m i.vnhloroindWe S'irino ^4r41*4v"r "■ t""'* “ y°™S 

bast-cells, acted on by eddoroiodide of lino. {8^1^)’ ^ Cross-sections throogli young 
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under the bark of dicotyledonous plants). Their 
Liin, and at first nearly or quite free from pits or 
ings. 

de into three constantly recmTing forms; namely, 
yma (see 254) ; (2) attenuated forms, often so slen- 


59 

der as to deserve the name of fibres ; (8) forms with peculiar 
markings at most points of contact, and thus much resembling 
ducts or vessels. 


Fig. 69. Drawings of wood-elements. 13 . TracMd from Tectoiia grandis. 14-18. 
Porlieria liygrometrioa. 14. Conjugate substitute fibres seen in transverse section. 
16. Ordinary substitute fibre after maceration. 17, 18. Conjugate substitute fibres 
after maceration, 19-22. Cytisus Laburnum; tbe elements separated by maceration. 
19. Wood-parenchyma fibre. 20. Substitute fibre. 21. Simple libriform fibre. 22. Ira- 
cheYd. 23. Cross-section through the cambium and youngest wood of Cytisus Labur- 
num. 24-25. Ducts from Mahonia Aquifolium. 24. After maceration, 25. Longitudinal 
section. 26-31. Ducts from Hieracium, separated by maceration; showing the ex- 
tremity only. 32-34. Ducts from Onorpordon acanthium, separated by maceration. 
35. Spirally marked duct fr(nn Yitis vinifera, after macerntion. 36. Libriform fibre 
from Jatroplia Maniliot. (Sanio.') 
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257. The drawings of wwd-elements represented in Figs. 58 
and 59 are from Saiiio’s work, and are given with Ms nomeii-. 
eiature. The cells figared in Nos. 10 and 16, termed !)}■ Saiiio 
substitute fibres (German, Ersatzfasern), answer w^ell to the type 
of prosenchyma. When these cells are much reduced in caliM^e, 
they are known as libriforin fibres. 

258. Ordinary prosenchjnna cells nsiiall}’ have simple pits, but 
no true spirals. The pits ma}’ be round, and of the same size as 
those on the ducts with wirich they maj’ be in contact, but some- 
times they are elongated slits, and run obliquely, as shown in 
Fig. 59. If two of these cells are in contact, processes may 
extend from one cell to corresponding protrusions in the other, 
and thus one ceil is united with the next. By careful ma<jera- 
doii such cells can he separated, and then each appears to have 
one or more rows of square teeth or short tubes. It sometimes 
happens that the wmli at the end of these intrusive tubes is 
broken down, thus allowing free coinmimieation between the 
cells. ■ ' 

Good examples of substitution cells are to be found in the 
wood of Maguolia, Liriodendron, many Leguminosm, etc. They 
are not so common, however, as conjugate parenchyma cells (see 
Fig. 58). 

259. Woody fibres are of two chief classes : (1) those in 
wfiiich the narrowed cavity is continuous throughout the whole 
length, and (2) those which have partitions dividing it (sep- 
tate fibres). 

The first class has been again divided into two groups depend- 
ing upon the presence of starch, hut the division is not wholly 
satisfaetoij. The first group comprises all those fibres which 
have a trace of protoplasm, wfiiile those of the second have also 
more or less starch, and generally some tannin. 

All of these wood}’ fibres resemble the bast-fibres of the inner 
bark of dicotyledons so closely that they have been well called 
libriform. They are described b}’ Sanio, from wMose paper on 
the subject most of these names are taken, as being always 
spindle or fibre-form, relatively strongly thiekened, and ocea- 
sioiially furnished with bordered pits which somewhat resemble 
those of vasiibrm elements (264), but are smaller and less 
clearly defined. They never have true spiral markings, and 
very seldom any spiral striation. They contain during the 
periods of rest of vegetation in winter more or less starch, 
and periiaps some chlorophyll and tannin, but at other times 
only air..; : 
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260. The uiiseptate fibres, the true libriform cells, are only 
sparingly pitted, except in a lew species like Oleander, where 
they are pitted on both the radial and tangential walls. The 
pits are generally elongated and oblique, and according to Sanio 
always running from left to right. 

261. The cell- wall of these fibres is alwa3’s lignified, and pre- 
sents three layers ; and in some instances there is also a layer 
which is plainly gelatinous, e. g,, in Betiila and Alniis. These 
gelatinized fibres are not foLind in all of the annual rings, nor 
in all parts of even one ring. 

262. Libriform cells are variable in length in different plants ; 
some of the shortest occurring in Daphne Mezereiini, .14 mm., 
and the longer in Avicennia, 2 mm.’ In all cases thej^ are the 
longest elements in the mass of* wood. They are generally sim- 
ple, but occasionally branched cells are met with, as in Tilia and 
Cladrastis. Tiny are sometimes irregularly grouped together, 
sometimes radially arranged. Species of Magnolia exhibit the 
latter, Ulmus the former, mode of ai’i’angement. 

26S, Septate libriform cells have sometimes been confounded 
with wood-parenchyma; but Sanio points out the following 
distinctive characters: (1) they are always thicker walled; 
(2) the}’ have oblique slits, while W'Ood-parench}-ma has only 
roundish pits ; (3) they become septate only after the thicken- 
ing has progressed to some extent, while in wood-parenchyma 
the divisions begin before the cambium cells ^ from which it is 
derived have begun to thicken. 

Septate libriform cells are less common than any other woody 
element ; examples, however, are not rare in Yitis, Hedera, 
and Rubus. 

264. Yasifbrm elements. Neither of the two forms already 
considered — namely, typical w’ood-cells and woody fibres — has 
distinctive spiral markings or true bordered pits (that is, dis- 
coid markings) ; but another important class of wood-elements, 
of which mention must next be made, is characterized by such 
thickenings. 

265. To this class of elements it is difficult to give any 
satisfactory name. They have been collectively termed vascu- 
lar, but a large part of them are comparatively short and closed, 
and cannot be properly knowm as ducts or vessels ; the name 
Tracheal (or Tracheary), more widely employed, is open to 


1 The immediate derivatives from the cambium, which are partly formed 
woody libres, have been termed cambium fibres (Sanio : Bot. Zeit., 1863). 
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the objection that while it is a significant term when applied to 
trachea-like bodies (ducts) it is a misnomer when applied to an 
elongated cell wholly free from annular or spiral markings. 

266. Tracheal cells are of two chief kinds : (1) those which 
are closed throughout, — at least until a very late stage of devel- 
opment; (2) those formed by rows of cells which lose their 
intervening partitions, and hence are thrown into a long canal, 
or vessel. The former are known as Tracheids^^ the latter as 
Trachem ; for which terms ma}" he substituted the following, 
applicable in nearly all cases, — WbocI-ceU and 'Dtcct. 

The distinctive markings of tracheids and trachem arc bordered 
pits, or discoid markings, and various thickenings of which the 
spiral may be taken as an example. 

Tracheids and trachese further agree In the following point: 
when complete, the protoplasmic mass disappears, leaving gen- 
erally no trace. The cavity" is filled in a few eases with watery 
fluid, in some with w^ater and air, but in most with air alone. 
Occasionallj’ other matters may be found in the trachem, for in- 
stance, latex ; but these are so exceptional as to need no further 
mention at this point. 

267. Yasiform wood-cells, or traclieids, are elongated and taper- 
ing cells, more or less lignified, and having peculiar markings, 
the principal kinds of which, although previously referred to in 
183, require a more extended treatment here. 

268. Bordered pits, called also areolated dots and discoid mark- 
ings, are very common, especially in wood of gymnosperms, 
where they form a characteristic feature both in fossil and 


1 Blit the term tracheids as usually understood, is applied to wood-cells with 
peciiliar markings, next to be described. 

Tlie following measurements by Sanio show the difference between the length 
of some tracheids and the libriform cells in the same plant : — 


TraclieVds. 


Rhamnus catharticus ... . . . . .28 mm. 

JEsculus Hippoeastamim . . , ... .26 “ 

Daphne Mezereuin . . . . . , . .15 “ 

Ribes rubnim .49 “ 


Libriform cells. 
.52 inm. 
,43 “ 

' .21 : 

.47 .. . 


Where, however, the tracheids alone are present, they are sometimes much 
longer ; for instance, in Staphylea pinnata, 1 mm., and in PMladelphus eoro- 
naTius,',.85 mm. 

According to Sanio, the bordered pits of ducts are the same as those of the 
tracheids, as regards size, foim, and usually as regards frequency. 

Oceasionally tracheids are found which are plainly septate. It thus appears 
that the tracheids form a gradation between true ducts and libriform cells with 
bordered pits.': ' ' : ■ : 



:ance seen ni rig- tw. -iiie iiuB:iuer ana moae oi . aistriDUtion or 

tlie markings in tiie wood- 

ceils or tnieh(‘Kls of Co- , ^ 

nifenie mv so m-nrly eon- 

staiit, tluit they may be 

used with c*onsldi‘nihle 

certainty in the diseriiiii- ' h 

nation of a IV-w gciUTa. |5|)S!!^ I «ih 

269. In a transverse ki': g 01 

section of the joatiire tra- 
cheifis the discoid mark- iQ^jsr,-^ 

ings are plainly seen to iQjM'il® 

be pits having an arciied 'g| 

border or iiieoniplete 
dome, and it is also ' 

seen that the thin spot 11 I % \ \ 

or pit is common to 

two contiguous ecdls. ^ ^ 

60 

Hence the two domes, 

being on opposite sides of a partition- wall, have a lens shape, 
and the central perforations are nearly or exaetCv opposite cmch 
other (Fig. (hi ). Even in the same s[)eci- 

t inen the bordered pits vary witliin eom- 
i)aratively narrow limits both as regards 
the size of the disc and that of the central 
|j| aperture, 

M The t^vo domes making up a single dis- 
cold marking are at first separated bj" a 
delicate plate of unequal thickness; hut 
later this middle lamella ma}" be broken 
1 ^ ^ down, and then a free passage extends 

from one cell to the other. 

, . The character of the domes and the mid- 

dle plate can be understood from the ac- 
companying figures of sections of the stem of Finns vsylvestris 
(Figs, 62 and 63), According to Sanio, the sections should be 
boiled in acetic acid, in order to remove all cell-contents. 


Fia 60. Areolatei! or dlseiform loar'kingK of the wood-cells (muiheYds) of Pinus 
Laricio ; a, as^pect of radial walls ; 6, a transverse section; c, development of the 
markings in Pinus sy I vestris. {Sanio.) 

Flos. 61 and 62. Finns sylvestris. Transverse sections of nearly perfect and perfect 
disooi I luarkings, (Strasluirger.) 
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[ the youngest tracheids ha,ve iinifonn 
1 those: next older there appear thin 
spots, which are well defined above 
and below, but not on the sides, for 
here they grade off into the thicker 
part of the wall. In the cells which 
are still older the thin places take the 
shape of discoid markings, and are 
clearly seen in aii}^ radial view. Com- 
parison of radial with transverse sec- 
tions shows that at the margins of the 
thin places a portion of the wall ex- 
tends as a slight projection upwards, 
and partly over the spot- In the iiiore 
niatui’e form the thin |)lace is still re- 
tained as a delicate plate separating 
the two cells, but easily broken down 
perhaps in further growth. 

270. Scalcmforni 7nark'mgs 
134) are especially abundant in ferns. 
The bordered pits are much elongated, 
and appear as clefts with only narrow 
portions of tlie wall betw^een them 
(Fig. 64 I). They often follow each 
other with as much regularity as the 

rounds” of a ladder, whence the name (from scakiria^ n. 
flight of steps) . They are more commonly found in 

DUCTS. 

271. Ducts, or Trachem, are variously marked by pits, and 
by the thickenings described in Chapter I. Some of the more 
common forms of dots are showm in Fig. 64. 

Spiral, annular, and reticulated markings are all formed by 
the thickening of parts of the wall hj which narrow lines or 
bands are produced on the inner siii'face. In these cases the 
portions of the wall which are not thickened are often of extreme 
tenuity, and break upon slight pressure or strain, permitting the 
spiral to uncoil or the rings to separate (Fig. 64, s 

272. Spiral inarkings. The number of threads or narrow 
bands varies from one to fifteen or even twent 3 % the latter in the 
petioles of Musa.^ They wind, as a rule, from light to left; 

^ De Bary : Vergleichende Anatomie, 1877, p. 163. 

Fig. 63. Pin iis sylvestris. Gross-section through the cam hi inn and young wood-cells. 
(Strashurger. } 


The cambium-cells anc 
and smooth walls, but i 
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but, according to Molil, from left to right in a few plants. Thus 
ill the wood of Vitis vinifera, Berberis vulgaris, and some others, , 
they run from left to right in the ducts first formed, but in the 
reverse direction in those which are produced later. And by 
iiiterniption of the spiral it may have two directions in the 
same duct, as in those of Cueurbita.^ The steepness of the 



'Spiral depends in part on the age of the cell, or vessel, — at least 
in some eases. According to Mohl, ‘^if the vessel is developed 
in an organ which has already completed its longitudinal growth, 
the turns of the spiral lie close together ; but if the organ under- 
goes elongation after the completion of the development of the 
vessel, the turns of the fibre are drawn far apart by the stretch- 
ing which the vessel suffers ; consequently veiT loosel}’’ wound 
spiral vessels are usually found in the posterior first-formed por- 
tion of the vascular bundle nearest to the pith, while those lying 
nearest the bark have close convolutions.”^ 

273. AMiiilar and reticulated markings have been regarded as 
mechanical modifications of spirals, and it is true that inter- 
mediate forms exist between these t^’-pes. For instance, tightly 
wound spirals are nearly annular, and in some cases there are 
threads which run either vertically or obliquely from one part of 
a spirah to the contiguous thread. But even in the youngest 


states of some ducts the markings appear as rings or as a net- 


1 Mold: Yermischte Schriften, 1845, i>p. 287, 321, Ueber den Ban der 
Ring^efasse. 

2 Mohl : Vegetable Cell, Eng. Trans., 1852, p. 19. 


Fia. 64. Verfieal radial section of liypocotyl of Eicinus communis, illustrating differ- 
sent markings of ducts ; t' pitted ; sealariforni ; s* s. spiral, the spirals beginning to 
'^mcoil. (Saelis.) 
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work. While, therefore, they maj' and probably do have a 
common origin with spirals, it is not necessary to assume, nor is 
it probable, that tliej' have resulted from mechanical displace- 
ments of them. The relative positions of the separate rings 
may be explained in the same waj’ as the steepness of the 
spirals,^ 

274. Cases are met with, in which projections from the wall 
may extend nearly or quite across the cell-cavit}^ somewhat after 
the manner of beams. Such cross-beam cells or ducts are called 
trabecular. A good example can be found in some of the tracheids 
of the leaf of Junipenis communis.^ 


1 “The notion was extensively held that the spiral fibre could not follow' 
the expansion which the vessel underwent during its growth, and tore up into 
fragments which w^ere again united into rings, and thus brought about the- 
formation of annular vessels. Completely as this idea, which was a contradic- 
tion to all observation, had been refuted by Mohlenhawer, it remained a stand- 
ing article in all phytotoinical WTitings up to Meyen’s Physiologic” (Mohl : 
Tegetable Cell, p. 21). 

^ De Baiy : Yergieichende Anatomic, p. 171. 

The following measurements of wmod-cells and ducts are given by Wies- 
ner (Die Ilohstoffe des Pflanzeiireiches, 1873, p. 525) : — 


Elms Cotinus . . 
Lon ice ra Xylosteon 
Salix Ciipnea . . 

Viburnum Lantana 
Alnus glutiiiosa . 
Fraxiniis excelsior 


Hfematoxylon Gampechianum 
Cajsalpinia Sappan ... 
Oehroma Lagopus .... 
Fraxinus excelsior .... 
Ulraus campestris . . . . 

Tectona grandis . . . . 

Juglans regia. . ... . 

Carya alba . . . . , . 

Quereus sp, . . . . - . 


Average diameter of wood-cells. 

. . » » 7.0 g.. 

. . . . 9.8 “ 

. . . . 11.0“ 
.... 22.0 “ 
.... 25.0“ 
.... 28.0 “ 
Average diameter of ducts. 

112/4. 

120 “ 

. .... 140 “ 

140“ 

. . . . . 158 “ 

. . . . . 160 “ 

. . . . . 220 “ 

. .... 248 “ 

. . . 200 to 300 “ 


The ducts in the foregoing examples are so large that in cross-section 
they can easily be seen by the naked eye. The following are considerably 


smaller: — 

Tilia sp. . . , . . • • . * , .... • « 60 p.. 

Acer sp. . , . • • ' . . » , • ■ , 71 

Alnus sp. . . • . • • . 76 “ 

Elms Cotinus . . . • • • . . . . , , . . 80 “ 

Betula sp. . . , . , * . , , . . , . , . 85 “ 
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275. Tyloses® If a cell still growing is in contact with a duct 
at one or more of its perforations, the cell may intrude into the 
cavitv of the duct, and to a considerable extent. Such intrusive 
grow’'tlis are known as Tyloses (German, Thyllen). 

If the intrusive portion of the tylosis further multiplies, pro- 
ducing new cells, the cavity of the duct may contain a confused 
mass of irregular cells of various shapes and sizes. Such masses 
are often found in the ducts of Quercus alba, Q. castanea, Q. ma- 
crocarpa, Q. tinctoria, Q. virens, Castanea vesca, Carya alba, 
C. olivmformis, C. amara, Juglans nigra. Sassafras oflicinalxs, 
Morns rubra, Madura aurantiaca, and Robinia Pseudacacia. In 
the latter they are especialh" striking.^ 


BAST-FIBRES (LIBER-FIBRES). 


(Sclerencliyma of many recent German authors.) 


276. The name dast was originally given to the inner bark of 
the linden (bass-wood), and hence originated its use as a prefix 
in '‘ bast-matting,” etc.; the name w^as applied in a more 
general wmy, namely, to any smooth inner bark (upon w^hich one 
could write). Tha,t wdiich imparts strength to inner bark, mak- 
ing it of use in the arts, consists of long and tough cells with 
very much reduced calibre ; but these are not confined by any 
means to inner bark. Owing to this fact, some have thought best 
to abandon the terms bast and liber for such ceils, and adopt, 
on account of their firmness, a term formerly given to grit-cells, 
namely, sclerenchyma ; the older terms, however, are not like!}’' 
to lead to confusion, whereas the other might. It is in the bark 
of dicotyledons that liber-cells or iiber-fibres occur most abun- 
dantly. 

Their prevailing shape is that of a slender spindle, which may 
taper simpty, or may be somewhat forked at the extremity. 


The following can be seen only under a lens : — 

Enonymns Europfeiis 20 /x,. 

Fagns sp. ............... 28 “ ■ 

Crataegus sp. . . , , ' . . , . . . . . . , ■ , 30 “ 

Ligustriim sp. 36 “ 

Pyrus communis . . . , . . ... , . . 40 “ 

1 Mr. P. H, Dudley, who communicates some of the names in this list, adds 

In his note : “ So far I have never found any tyloses in ducts with scalariform 

markings,” 
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Occasionally fibres which are very much branched are met Ith,, 
notably in the leaves of Camellia, for instance common tex , see 
Fig. 68. Generally the wmlls are thickened unevenly, even form- 
ing conspicuous projections into the cavit}’’ of the cell; wiiile 
some fibres have regular and characteristic markings, a few 






III 


Ui 



of which are shown in Fig. 65. Septate forms are occasionally 
found. The change in the character of the cell- wall which ac- 
coinpanies the thickening is essentially ligniticatioii, like that 
observed in wood-cells and ducts. It is generally said that the 
walls of liber-cells are less brittle than those of the elements 
of wood, and this is commonly so; but there are some flexible 
wood-elements, and there are, on the other hand, some very 
brittle fibres of sclerenchyma. The thickening of the wnill in 
liber-cells takes place not only in different degrees, but wdth va- 
riations in the amount of infiltration of foreign matters, which 
give rise to differences in the behavior of the fibres wdth reagents. 
In a few cases the inner part of the wall is somewhat gelatinous 


Pig. 65. Fragments of some of the more common bast-fibres used in the arts, 
«, Flax. Linnm nsitatissimum. (Wiesner ) 

6, Hemp, Cannabis sativa. (Schacht) 

<3, Jute, Corchorns eapsiilaris. (Wiesner.) 
d, Ohina-grass, BoBhmeria nivea. 
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and possesses tlie power of swelling in water and in dilute acids 
(compare Coliencii 3 uim) ; in some others the outer part of the wall 
is gelatinous, while the inner is hard. Morns alba, Gleditschia 
triacanthos, and Robinia Pseudacacia are examples of the first, 
Astragalus falcatiis of the second, condition (Sanio). 

277. One of the most striking characters of the bast-fibres of 
mail}' plants is the abundance of crystals found therein. Ex- 
cellent examples are afibrded by the inner bark of some of our 
ligneous plants (294). ' . 


278. The firm attachment of fibres to those above and those 
below them has given rise to erroneous ideas relative to the 
length of single fibres, as the table on the following page shows.-^ 
By careful management it is possible to isolate a connected 
thread of fibres of great length ; the value of fibres for textile 
purposes depends largelj" upon this fact. 


The table on page 90 has been compiled from data given by Wiesner and 
by Vetillart, which are here rearranged for greater convenience of refer- 


Fm. 66 Fibre of Agave Americana: a and 6, ; c, Only the upper part of 

each fibre is shown in the left-liand figures. The right-hand figure shows a cross-section 
of a group of cells. 

Fjg. 67. Fibre of Coir ( Cocos niicifera) : a and c, ; b, a shows three separate 
and complete fibres, 5, the upper part of a single one, c, a cross-section of a group of 
cells. 

Fro. 68. Transverse section through leaf of Camellia (Thea) viridis, showing: 
a, epidermis, 5, branched liber-cell; oil-drop; e, crystals. (Mirbel.) 
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Fig. 69. Films sylvestris. Face view of radial wall containing two cribrose-plates 
wiiolly deprived of callus, (Janczewskl) 

Fig. 70. Pinus sylvestris. Badial wall of a young tube, face view. The future cri- 
brose-plates are composed of callus-cylinders, filling tbe meshes of a cellulose network. 
(Janczewski.) 

Fig 71. Crlbrose-cells in Vitis vinifera: .<4, transverse anastomosis of two cribrose- 
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very soft and colorless. Owing to their yielding character, it is 
not easy to make satisfactory sections for their demonstration, 

from fresh material ; it is better 
to keep the material in alcohol 
for a while, or to diy it care- 
fully, as Russo w advises. Ail 
sections, to show the sieve-cells, 


n iz 

must be very thin. The following measurements of single large 
cells given by de Bary serve to indicate their wide range in size t 


Length, mm. Transverse diameter, mm. 
Cuciirbita Pepo . . . . .370 -.450 . . . .045 

Calamus Rotang . . . . 2.000 ... .030 -.050 

Potamogetoii iiatans . . .275 . . . .025 

Vitis vinifera . . . . . .6 ... 


281. The sieve-plates occur at the points of contact of sieve- 
cells. They are always found at the ends of the cells, and ma}" 


cells isolated by maceration; the septa are in their winter state. R, branching of 
cribrose-cell isolated by maceration. C, tangential section across a medullary ray, show- 
ing the transverse anastomosis of cribrose-cells; the callus at the septa is in its winter 
state. (Wilhelm.) . 

Fig. 72. Cribrose-cells in Vitis vinifera. Longitudinal tangential section (beginning 
of July) through the bast of a stem 1 cm. thick; vg^ cribrose-cells, the oblique as well as 
one horizontal perforated septum cut longitudinally . The face of one septum, however, 
is shown at the upper part of the figure; rm., medullary rays. (De Bary.) 

Pro. 73. Cucilrbita Pepo Longitudinal section showing terminal sieve-plates at 
<7, and a lateral one at si ; contracted protoplasm. (Sachs. ) 
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titioiis are horizontal, or nearly so, they ar< 
whole partition forming one plate ; but on ver 
plates may be separated and lie in one or more n 
the walls are smaller and irregularly distributee 
wall contiguous to cells of any other kind there 
may be dots ; there is yet some doubt as to 
whether tliey are perforations. 

The diameter of the sieve-pores is given by 
Molil as not far from 2 /x ; but although some 
are even 5 /x in diameter, the former Ggure is 
too higli for the average. 

282. That which 
is characteristic 

yellow, and makes 74 

it more sharply defined. In concentrated sxtlpl 
the strong alkalies this mass swells up so as to 
its original size ; and in the former it soon d 
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varies with the age of the ' cell and with the time of year, as 
shown in the figures. 

28o. Aniliii blue is the best pigment for bringing out the 
form of the callus clearly. If, as Riissow^ recommends, its use 
be supplemented by that of Schulze’s iodide, the callus may be 
seen to be made up of at least two portions, distingiiisliecl by 
the depth of color. In young and active cribrose-cells the callus 
usually appears to be a gelatinous layer on each side of the sieve- 
plate ; in most old cells it is no longer seen. 

284. Contents of the cells. In the younger and active state 
just referred to, the cells contain a wateiy liquid which holds 
more or less granular inatteivand 'the walls are lined by a delicate'' 
iiliii of protoplasmic substance. That the callus is also of a pro- 
toplasmic nature is not clear, although soine of its reactions 
suggest this. It frequently contains minute granules of starch, 
which sometimes give a bluish-brown color witli iodine, like 
starch which has been acted on by diastase. Riissow tliinks that 
a ferment is present in the cells in their active state. When 
old, most ceils lose not only the callus but also the greater part 
of their other contents. In active ceils there are freqiieiitl}” 
found very small but brilliant globules which are albiniiinoidaL 
Ail the contents above mentioned vaiy ■within certain limits at 
different periods of the year. 

285. The sieve-cells of the higher cryptogams have been 
shown by Janczewski to be nearly if not quite imperforate at 
all seasons. In gymnosperms, the 3 ^pass through two periods: 
the or the evolutive, in which the plates produce the callus, 
the cells themselves containing parietal protoplasm ; the second, 
or j)assive, stage, in 'udiich the protoplasm disappears entirely, 
and communication between the contiguous cells occurs. In 
monocotyledons and dicotyledons the cells have four periods; 
namely, the evolutive, the active, the transitory, and the passive. 

IV. Latex-cells, Latex-tubes. 

280. Certain plants when wounded exude a milky juice known 
as latex. The}’' belong to ’wideW separated orders ; Tor instance, 
to Papaveracem, Campanulacese, Asclepiadaceae, Urticacese, etc. 

The cells in wdiich latex occurs are characterized b}" a soft- 
ness of cell- wall 'which renders them easily compressible ; hence, 


^ Annales des Sc. nat. hot., ser. 6, tome xi7., p. 167. 
2 Annales des Sc. nat. bot., ser. 6, tome xiv., p, 60. 


LATEX-CELLS. 


bounded by turgesceiit " 
tissues, their contents v 
readily escape through | 
any incision. 1 

Latex-cells are ' not 
restricted to any one I 
organ of the plant, but ] 
may, and generally do, 
occur in all parts, and 
may be associated with 
more than one tissue- j 
system. Tlmyare, how- J 
ever, iisualij^ found in | 
parencliyrna, and run in ^ 
the same general direc- 
tion as the tibro- vascular 
bundles near which they 
lie. For convenience, they 


may be divided into the simple and 
the complex. 

287. The simple 


cells, which may be 
much and variously 
branched. Subse- 
quent to the devel- 
opment of one of 
these cells in a plant, 
and when it has ex- 
tended its ramifica- 
tions throughout the 
different organs, a 
new cell maj" inde- 
pendently give rise to 
new branchings, and 
to a new system, some 
of the branches of 
the two cells perhaps 
becoming confluent. 
Good examples of the 
simple forms are af- 


Fig. 76. LongitiKliiial section througli a sepal of Chelidonium majus, showing latex- 
tnbes. (Weiss.) 

Pig. 77. Latex-tubes comnosed of confluent cells: a, in the root; 5, in the stem of 
OhelidoTiinm majus. (De Bary.. , 
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forded by tlie following orders, — Asclepiadacese, Apocynaceae, 
and Eiipiiorbiaeeae. 

The complex forms consist of rows of cells which coalesce to 
fonn a latex-system. The individual cells may have tlieir parti- 
tion-walls broken down very early, a mere vestige of thein remain- 
ing ; or the partitions may be simply perforated, so as to allow a 
free communication between contiguous cells. Moreover, the 
continent cells may be conjoined laterally, thus constituting a 
complicated network which riiiis through the plant. 

288. Occasionally roundish groups of perforations resembling 
in a few particulars those of sieve-plates are found in the latex- 
cells of Papaver and some Ciehoracem ; but they are coarser and 
more irregular, and are devoid of the peculiar sieve-plate struc- 
ture. Moreover, no true intermediate forms have been pi'oved 
to exist between the two kinds. ^ 

289. The wall of a latex-cell is often very thin, and free from 
any markings ; but with even slight increase of thickness, stria- 
tions and stratification make their appearance, projections may 
extend into the cavity of the cell, or even spirals may be present 
In character, the cell-wall possesses many of the peculiarities of 
collenchyma, especially in its behavior with iodine. 

290. That the cells contain a protoplasmic lining is highly 
probable, but this has not yet been satisfactorily demonstratecl. 
The liquid in the cells consists of granular matters suspended in 
a watery fluid, and imparting to it a milky appearance. Often 
the color of the liquid is yellow, as in Argeinone, or orange, as in 
Clielidonium. The watery fluid contains in solution sugar, gums, 
resins, traces of albuminoid matters, and various principles, for 
instance, alkaloids (like morphia), and organic acids. 

The suspended matters are of minute size, with the excep- 
tion of peculiar forms of starch-granules. When perforation 
is made in the latex-system of a turgescent stem, these granules 
can be seen to move towards the point of injuiy. The same 
movement can be observed when the pressure on one part of 
the stem is materially increased ; and hence arose the erroneous 
belief that there is a circulation of latex.^ 

291. Upon exposure to the air latex coagulates, and forms 
upon drying a sticky, elastic mass, which in some plants is sufli- 
oiently abundant to furnish the india-rubber of commerce. 


1 B. H. Seott : On the development of artieuloted laticiferous vessels. 
Jonrn. Mic. Science, 1882, p. 144. An interesting account is also given by 
de Bary, from notes by Schmalhaiisen, Vergleiehende Anatomie, p. 205. 

2 Sohnltz : Die GyMose des Lebenssaftes in den Pflanzen, 1841, p. 282. 
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BECEPTACLES FOR SECRETIONS. 


292. Individual cells (idioblasts) maj^ differ greatl}" from their 
neighbors as respects their contents. Such ceils may be well 
named after their characteristic contents ;, as crystal-cells, resin- 
cells, mucilage-cells, tannin-cells, etc. .. 

293. They vary inii eh in shape' and sme.- Frequently the\" are 
not readily distinguishable from their immediate neighbors by 
anything except their contents. In other cases, however, they 
may assume forms widely different from those of the cells around 
them, and may also be distinguished by their size. They are 
often so associated together as do form “glands.” 

294. Orystal-cells. These sometimes, as de Bary points out, 
curiously resemble the shape of the crystaTor groups crystals 



which they contain. Thus globular clusters are generally con- 
tained in spherical cells, elongated prisms in elongated cells 
(as in Qiiillaja). “ In ' many trees each ' cambiiim-cell (as it 
develops into a bast-fibre) may be divided by diagonal partitions 
into numerous (20 to 30) chambers, the height of which is about 
the same as the width, and each is filled by a crystal or a small 
cluster. In this case the general outline of the original cambium- 
cell remains unaltered, and the whole row of compartments may 
be isolated as a eliaiiibered fibre.” ^ The bast-cells containing 
crystals have been already noticed. ' ' ■ . 

295. Mesin-cells, In a large number of plants soft viscid 
substances are present, which exude when the tissues are 
wounded. ■ The}’’ may be ronghh’- classed' into (1)' Balsams, in 
which resinous matter is mixed with a considerable proportion of 


1 De Bary : Vergleichende Anatomie, p. 145. 

Fig. 78, Crystal-cells; a,fromt]iepetioleofBegomaiManicata;5, acellwitli raph- 
Ides, from Lemna trisulca; e*, from Phallus caninus. (Kny.) 

, 7 .. ■ 
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one or more essential oils, forming a thickish liquid ; (2) Mesins, 
wiiieli have comparatively little essential oil commingled, and are 
of various grades of hardness ; ($) Gum-resms ^ or resins hav- 
ing more or less mucilaginous or gummy matters. To the latter 
class are sometimes referred 
the products left by the drying 




of many milky juices (latex) ; of such, caoutchouc is an ex- 
ample. All the foregoing substances may be found in single 
cells, which are of veiy diverse forms. 

290. Roundish cells of this character are found in the Mag- 
noliaeeae and some Compositie, etc. Long cells are to be de- 
tected in some Liliacem, etc., and they are connected by many 
intermediate forms with resin-ducts arising from the confluence 
of several cells. On the other hand, they pass by various gra- 
dations into structures which are generalh^ referred to the latex- 

Fig. 79. Transverse section through the leaf of Psoralea hirta ; the epidermis con- 
sisting of one layer with some of the tissue shown on both sides of the gland : A, very 
young state in which the secretion is not yet present; JR, somewhat older, secretion 
commencing; C mature state. (DeBary.) 

Fig. 80. A “ gland” in Dictamnus Fraxinella ; A, 5, early stages; <7, mature state; 
p. p, c, mother-cells of the gland-tissue; d, the covering layer forming a continuation of 
the epidermis; 0, a large drop of oil. (Ranter.) 
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INTEECEL.LULAR SPACES, 


system. To this system should perhaps be referred also numer- 
ous cases of pigment-cells, like those in the roots of madder and 
rhubarb; also the peculiar bodies seen in the periphery of the 
pith of Sambiicus, and the milk-sacs of some species of Acer. 

297. Ilucilage-cells are larger than the surrounding cells, and 
sometimes closely resemble intercellular spaces tilled with muci- 
laginous matter. In some instances the mucilage is distinctly 
referable to changes in the contents of the cell, in others to a 
disorgaidzation of a portion of the wall, while in still others 
both sources ma,y be recognized.^ 

298. Cells containing tannin in very large amount are fre- 
quently met with, but the}^ do not call for special remark. 

299. Eesins and the like are found not only in single cells 
but also in spaces formed by the breaking down of the interven- 
ing walls of cell-clusters of various shapes ; hence various forms 
of receptacles for these soljstances may be looked for. 


mTERCELLULAR SPACES. 

300. The wails of cells still capable of division are generally in 
unbroken contact ; but as differentiation goes on they may be- 
come separated more or 
less by unequal growth 
or by a breaking down 
of intermediate cells. ^ \ ^ 

The intercellular spaces \ / 

thus formed may be mere \ n 

chinks, or they may be- 
come chambers of large 

size. They ma}' con- M K 

tain merely air, or air M. 

and water}" sap, or most / f \ 

of the matters described J A 

in the previous sections. 

Air-spaces in the 

looser tissues of plants 
are general!}" so eon- si 


100 


MOBPHOLOGY OF THE CELL, 


Iiected throiigliont the plant, and comnuiiiicate so direc% witii 
the stomata, that they constitute an apparatus for bringing the 
interior of the structure into close relations with the outer air. 
Sometimes the aggregate-volume of the air-spaces is very large 
in, proportion to the volume occupied bj’ the cells themselves.^ 

Ill composition, the air within the plant usually differs from 
that of the atmosphere in containing a larger proportion of 
nitrogen. If the air-spaces are much, smaller than the (?ells 
wdilch surround them, thej" are termed interstices ; if about as 
large as the cells, la cmim ; if conspicuously larger, air- 2 :^assa{/es 
or air-chambers. .Two chief forms of laeiiiue are distinguished 
by de' Bary; namely, cavities surrounded by cells which are 
more or less branched, and those surrounded by plates of cells. 
Good examples of the former are afforded by many water-plants, 
rushes and the like ; of the latter, bj' the stems of many Aracese, 
for instance, Acorns Calamus. 

SOI. The cootinuity of the larger air-passages may be inter- 
rupted by plates crossing at an angle (generally slightly oblique). 
Sueli dividing plates,' tenned ■ are frequently com- 

plicated in their structure. 

^ 302. Hairs, sometimes much branched, are found in the larger 
air-passages of many plants. These form the stellate structures 
in the Nymphmacem, and. the '' H-like;’ cells in some Aracem. 

303. , Intercellular spaces, usually those of small size, may 
contain water together with air. ■ This is the case in the cavities 
under the water-pores of Fuchsia, etc. 

304. When intercellular spaces contain resins, oils, and the 
like, they constitute, together with the simple cells described in 
2903 the structures loosely .called interyial glands. Often these 
are merely irregular spaces left by the breaking down of one or 

1 The following measurements are taken from Unger (Sitzungsb. d. Wiener 
Akad., xii. 373). ■ ' ■ 


Name of plant. 


Paspaliim setaeeum. 
M usa^sapientuni. 
Nieotiana Tabacum. 
Brassica Rapa. 
Begonia manicata. , 
Camellia Japonica. 
Prim us Lauroeerasus. 
Auciiba Japonica. 
Arciisia crenulata. 


Parts examined. 


Four leaves with their sheaths. 
Piece of the leaf-stalk. 

Leaf w'lth leaf-stalk. 

Leaf with leaf-stalk. 

One leaf with its stalk. 

Two leaves with their stalks. 
One leaf with its stalk. 

One leaf with its stalk. 

Pour leaves with short stalks- 


No. of parts 
hjr vohiiiie of air 
in 1000 parts 
of the plant. 





more cells, but the^^ sometimes have a remarkable regularity ol 
form and clearness of outline. 

It has been observed that these spaces filled with resinous and 
other matters are not, as a rule, met with in the plants which are 
provided with the simpler receptacles, consisting of single c<^ 
or small groups. De Bary classifies these resin-passages and 




Umbeiiiierm, Araliaceae, Anacardiacese ; 5, short cavities, as in 
species of Hypericum and the true Rutacese, many species of 
Oxalis and Myrtacem, and some sj^ecies of Bysimachia. The 
cells which surround the more complete cavities are so different 
ftom the neighboring parenchyma that thej" have been termed, 
collectively, the epithelium of the spaces. 

It is not fully known in what way the various resinous and 
mucilaginous matters are produced in the cavities. In some 
instances, at least, the matters appear at a very early stage of 
the development of the cells which are afterwards broken down 
to form the cavity. The special cases, like those of the Mjrta- 
cem, in which the cavities contain oil, are best for purposes of 
study, because they are so frequently to be found in the thinnest 
leaves, and at an earlj^ stage of development. 


ansverse section of part of leaf of Finns Xiarieio, sliowing a resin-passage. 


CHAPTEE III 


MINFTE STK.UCTURE AND DEVELOPMENT OF THE ROOT^ 
STEM, AND LEAF OF PH.ENOGAMOUS PLANTS. 

GENERAL CONSIDERATIONS. 

305. The tissue elements, described in the preceding chapter, 
are arranged in various ways to form and connect the organs of 
the plant. If elements of the same kind are united, the}" consti- 
tute a tissue, to which is given the name of those elements ; thus 
parencliyma ceils form parenchyma tissue or siinpl}" parench 3 'ma ; 
cork-eeUs form cork, etc. A tissue can therefore be defined as 
a fabric of united cells which have had a common origin and 
have obeyed a common law of growth. 

Tissues are united to form systems; systems, to form organs. 

306. In nearly all plants wutb which the present treatise deals 
there is some kind of framework consisting mainly of the more 
elongated cells and ducts. This framework runs throughout 
the entire organism. It is surrounded by parenchyma, in which 
other tissue elements may also occur ; the epidermis in some of 
its modifications covers the w^hole. 

307. The three chief systems found in plants are, therefore, 
the fascicular, the cellular, and the epidermal ; and these corre- 
spond in a general way to three classes of functions. In the 
cellular system are found the active cells by which assimilation, 
the proper work of the plant, is effected ; the fascicular system is 
largely conductive, and serves also important mechanical ends ; 
the epidermal system brings the assimilative apparatus of the 
plant into safe relations with the surroundings. 

No discussion of the cellular and epidermal s 3 "steras, intro- 
diictor 3 tto a special consideration of them as the}" occur in the 
different organs, is needed ; but some general statements relative 
to the fascicular S 3 'stem wall obviate repetitions later. 

308. The fascicular S 3 "stem, in its most complete development, 
comprises the following tissue elements, w"hich occur in ver}" 
different proportions in different cases, — ^prosench 3 uiia in the 
widest sense, including wood-cells of all kinds, ducts, fibres, and 
eribrose-ceils ; together with some commingled parencli 3 ma. With 



FIBRO-VASCULAB BUNDLES. 


the exception of the parenclijn-na, all these elements are elongated 
and are arranged in various sorts of fascicles or bundles, whence 
the name, fasciculai* systSTn, Since fibres and vessels pla 3 ^ 
such an iniportant part in the composition of this s^^steni, it has 
been also called the fibro-vasciilars^’stem, and the bundles, fibro- 
vaseiilar bundles. 

309. When reduced to its lowest terms, a fibre- vascular bun- 
dle consists of two tissue elements, nainel}", cribrose-ceils and 
tracheol ceils, the latter being sometimes replaced either wholl}" 
or in part b}’ ducts. 

310. The two elements are usiialh" associated with some 
pareiicliyma and with a considerable proportion of long bast- 


Fig. 83. Longitudinal radial section of a collateral flbro-vascular bundle, from the 
.stein of a dicotyledon : 6— i, wood ; i — n, liber ; the wood comprises, 6, a narrow annular 
<iuct, c, wider spiral duct, d, a duct with septum, e, woody parenchyma, /, woody fibre, 
wide duct with areolated pits, h, septate woody fibres; the liber comprises, w, liber- 
fibres, m, short parenchyma, I, crihrose-cells, i, cambium, /ii, long parenchyma or cam- 
biform. (Kny.) 


fibres ; but, wiiile preserving a general uniformity of structure 
throiighoiit, a bundle ma^^ become considerablj^ changed in com- 
position during its course. This is w'-ell shown bj^ comparing 
sections taken at some distance from each other ; for instance, 
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one iiiacle in the middle of the course of a bundle with one near 
its extremity. 

311. The cribrose part of the bundle may also be termed its 
liber-portion or bast-portion; the tracheal, its woody portion. 
These terms are not liable to be confounded with any others, 
since it is with the cribrose portion that the well-known bast- 
fibres or liber-fibres are associated, wdiile it is in the tracheal 
portion that all the constituents of wood are found. 

312. For the first term (bast-portion), Nageli has introduced 
the word Phloem ; for the second (wood-portion), Xylem. In 
this treatise these terms will be used interchangeably with the 
others. But the woody portion of a bundle is sometimes very 
far from being conspicuously lignified, and the bast-portion ma}^ 
be much reduced. 

313. The three principal ways in which the elements of bun- 
dles are arranged are : 1. A single strand of liber has one side 
in contact with a single strand of wood, the two running side bv 
side, — the collateral bundle. This mode of arrangement is com- 
mon in the stems of phmnogams. A variety of the collateral 
bundle has a strand of liber on each side of the wood, or, con- 
versely, a strand of wood on each side of the liber, — the hicollat-^ 
eral bundle. 2. The strands of liber and wood are in diflerent 
radii, — the radial hxmdXe. This is the most common mode of 
arrangement in roots. 3. A strand of one element is wholly en- 
veloped by the other element, — the concentric bundle, lliese 
modes of arrangement will be further discussed under “ Roots ” 
and/' Stems.” 

314. The bundles are surrounded by parenchyma ; but this is 
very frequently limited at the periphery of the bundle by a cylin- 
der formed of closely united parenchyma cells, which contain 
considerable starch. The endodermis is a special case of this 
structure, in which the cells are more or less distinctly ciitinized. 
When this enveloping cylinder is well defined, it is known as the 
bundle-sheath.^ 

315. At first, each bundle consists of similar cells {procam,-- 
Hum), some of which differentiate into fibres, vessels, etc. 
Bundles in which all the procambium cells become permanent 
cells are closed ; those which retain an inner portion {cambium)- 
capable of further differentiation are open. 

^ In a great number of instances it is convenient to refer to the same struc- 
ture the long and firm bast-cells which are found at one side of the bundle 
but the subject, when examined from the point of view of development, espe- 
cially when the vascular cryptogams are taken into account, presents so many' 
difficulties that it may he here left without further treatment- 
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316. As regards the course of the bundles through the plant, 
it is sufficient to note here that they are variously combined in the 
different organs, sometimes forming compact masses of tissues, 
and at others running as slender and delicate isolated threads. 

317. It has been seen in 201 that meristem is the nascent 
state of aii\ tissue, and that it may multiplj" as such, or first 
become differentiated 

into elongated forms 
(cambium). For con- 
venience of reference, 
the meristem at the 
growing-points of the 
axis of the plant is . 
given special names : 

JDermatogen^ the 
layer of nascent epi- 
dermis ; Periblem^ 

the layer of nascent cortex just beneath the epidermis ; Plerom, 
the cylinder or shaft of nascent fascicles. The cells from which 
these primordial layers or masses of nascent tissues arise are 

Known as initial cells} 

The initial cells produce primordial layers or masses of tissues ; 
by their further development the primordial layers or masses 
give rise to the early distinctive tissues of an organ. The tis- 
sues thus early formed constitute the primary structure of the 

318. In the further growth of an organ, especially in plants 
which are to live more than a single year, or which have a well- 
defined period of rest, remarkable changes may take place in its 
stiucture, especially by the introduction of new elements. Such 
Janges are known as secondary, and give rise to the secondary 
structure of the organ. From the nature of the ease, it is im- 
possible to draw a sharp line between the primary and secondary 
stiucture ; but the division is nevertheless useful in the examb 
nation ot the minute anatomy of the plant. 

cortex, eo; the upper, the na^e™ t The lyat 

tlie Stem is continued down to the can- thenoint tn ™ epidermis, ep, of 

In other terms, oo is the plerom. ec, (Sa” 


i « W ' 
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319. It was stated in Y oL 
1.5 p. 27, that the root, or 
descending axis, iiormallv 
begins in germination at the 
root-end of the caiilicle, or 
so-called radicle ; but that 
roots soon, proceed, or may 
proceed, from other , parts of 
the stem, when this is favor- 
al% ' Situated for their pro- 
duction.” 

320. A longitiidiiia! sec- 
tion through the tip of a 
germinating radicle exhibits 

y parenchyma ceils. . Slight 


differences exist between these 
ceils, both as regards shape 
and size ; at the very end of the 
radicle they are relatively large, 
and form a sort of cap-like cov- 
ering {root-cap) for the smaller 
ceils Mug directly back 
growing-poim). If the section 
is thin enough, it will be seen 
that at the growing-point numer- 
ous rows of cells appear to con- 
verge, the fact being that all the 
cells of such rows are derived b}^ 
multiplication from those at the 
growing-point. 

321. Certain diffei'ences in the 
arrangement of these rows can 
be seen upon comparing the radi- 
cles of plants of different classes. 


Fig. 85. Longitudinal section through the middle of the root-tip of Fagopyrum eecu- 
lentum. The lower initial cells give rise to the cap o, anti the epidermis e'p ,* the middle 
produce the cortex c'e ; pc, peripheral layer of the central cylinder cc, which comes 
from the upi)er initial cells. (danczewsM.) 

Fig. 86. Longitudinal section through the middle of a lateral root of Pontederia 
crassipes: cc, nascent central cylinder (plerom); e'c, nascent cortex (periblem); e% 
lascent epidermis (dermatogen) ; c, root-cap. (Flahault.) 
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THE HOOT. 


Primary Structure. 


the boot-cap. 
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Thus in most cases the grouii composing the point of growth 
consists oi three kinds of superposed cells, so arranged in layers 

mor f ^ determinate portion of the forming 
loot. (1) the outer or lower layer, to the root-cap and tlie rest of 

iinc ei the epidermis, — the cortex; (3) the inner or uriper layer 

i„ 3,^, there are moi-e 

etc) wliile (®- £''•> Sparganium, Eaphanus, 

etc.), 11 Ink in others there are less than three (e. ^., only one in 

OucuYlntiiQe^, two in Tiiticum), > m 

The growing-points of nascent roots origi- 
nate just below the surface of the organ whence they proceed ■ 
hence loots are said to be formed endogenously. In einero-ino-’ 

nr '' protected at the end by a thicker or thinner 

niass^ol parenchyma, — the root-cap.^ 

/I have the same origin, as wilt be seen 

. . le no ,es. nor has it the same shape and size in all plants. 

of LXSofi 

Pedblem. Deimato- 

hav!' S:“; 

J.ol,s';sLEiir Ltir*"’ “» 

4. A divStiiict Pleroin and .PtJribleiii • 'nonrvi,o+ i i 

common imtial cells ; .. g.,, Sdicenthus annuus. Calyptrogen hare 

All tour layei’s have common initial celk • p n 7 r. 

6. Only a distinct Plerom and Perihlem • therff Pisam. 

epidemiis nor root-cap. since these are forme,/ ' * “ neither true 

Periblem ; e. g., Gjimnospermm. ^ dimply by outer layera of the 

=^AltIdi/f^r/i®I'-!:f““ di«ttugui.sh seven types, 

advaneiiig radrele of gun/ses'^ remi/s^ at “ite thus broken through by the 

rest boeomes the root-oap (Ann. des Sc. nat, sTe.^tome xT'ISPV ' t J 
AVci'ordiim to Flahault fppfdiprnmnr, -, ^^-7 1^81) p. 19). 

ehez les Plianerogames Arm des Sc ^caioissement terminal -de la racine 

opinion on an exami^ahtn V three 7/ 

the terminal growth of the root .nay be ^0!^ / Pha...og,ams. 

are characteristic of monocotyledons^nd dicotvLdonr 

the co7r7h/S7S^ by the initial cells of 

formed is continually ivnewed by the a,’t,V> *‘f v root-cap once 

b'dons, on the other ha.rthe e.. 'f I" 

eortex ; the root-ca’i is cniitlr, 11 ®baost always independent of the 

ephtamds. ‘ '’y ae activity of the eorte/aS 
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Boots which grow in the earth seldom have it much developed ; 
but in many aquatics it becomes of large size, though it is always 
thin. In some species of Pontederia the cap envelops the root 
for the length of half a centimeter ; but it is free 
at its upper part, and is in contact with the root 
only at its very tip. The roots of Typhacem 
and Lemnacem exhibit nearly the same struc- 
ture. The cap consists in tliese cases of only 
one or two layers of thin-walled cells. 

The aerial roots of some })lants have lai’ge 
root-caps composed of firm-walled cells. This 
is well shown in Pandaniis, where the cap con- 
sists of many layers of eiitinized cells. The 
cap in all cases exfoliates on its exterior, and 
is as constantly renewed by the cells within. 
Nearly all of its cells contain starch-granules 
in abundance. 

824 . The peripheral timiie in the rootlet does 
not always have the same origin ; it may in some 
eases be regarded as true epidermis, in otliers as 
the outermost portion of tlie cortical parendiyma. In tlie vast 
majority of cases this young superficial tissue is l‘u imished with 
root-hair^ ; it is therefore designated the piliferous layei*.^ 

325. The piliferous layer lias no intenadlular spaeos (a few’ 
cases of aerial roots of Orchids excepted). Tin* hairs are con- 
fined to a narrow zone a short distance behind the* tip. although 
in Trigloehin they have been found on the edges <){‘ the cap, 
and in Philodendron very near its edgx*. \Vlicn fu'st formed 
they have delicate transparent walls, and are filled with pro- 
toplasm. By the advance of the growing-point and with the 
formation of new hairs, the older become less aeti\'e, their walls 
thicken and turn brown, their contents disappear, and they fall 
off, generally leaving a nearly glabrous surface. 

826. The hairs are generally simple, but in the adventitious 
roots of some Bromeliacea^ compound hairs are also found. 

Branched hairs are seen on the roots of Saxifraga sarmentosa, 
Brassica Napiis, etc. 



1 Olivier (Ann. ties Sc. nat., ser. 6, tomexi., 1881, p. 19), according to whom 
it is never liomologous with the epidennis of the stem (p, 28). 

2 Jorgensen, Botanisk Tidsskrift, 1878, p. 144. 

Fm. 87. Seedling of Sinapis alba, showing root-liairs. 

Fig. 88. Seedling of same, showing the manner in which tine pavtieles of earth cling 
to the root-hairs. (Sachs. ) 
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327. Eoot-hairs are best obtained for study by cultivating 
seedlings on moist glass, or with the rootlets in water. It is w'ell 
to compare the forms thus obtained with those found on roots of 
the same plant grown in loam, sand, fine clay, etc. Masters has 
shown that the develop- 
iiient of the hairs is fa- 

vored mail}’- conditions, II I liVll 1 

such as porosity of the J) II I M |i 

soil, moisture, etc.; and ^ \\ 

this fact should be borne f || ! f ii 

ill mind in the exam in a- |j 1 f |;| || If 

tion of the root-hairs of R J IA^ 41 It 

328. The walls of root- * ■ II 1 1 l 

hairs are only slightly cu- ! \ \ / 1 

tinized , but there is a great l( ‘ Ls I W \ w wW 

difference in this respect « JJ \\ | 1 

in different plants. ^ |( j i \\ (( i 11 

329. The cells of the W 1 1 

superficial layer of the /VI I \\ 

rootlet, other than those 

with hairs, are more or \ I W 

less ciitinized, the degi^^^ ^ I 

ot infiltration depending ^ ^ 

upon their age. In some 

cases (e. Asphodelus) the thickeihne* is wer\- 


Ducliartre (.Elements de Botaiiiqne, 1867, 
36 also a valuable - - 


Inst., Tubingen, 1882. 

^ 2 According to Leitgeb, the old roots of Tanda furva are i 
traoheids contain minute AIgse (De Bary, Vergl. Anat, p. 2: 

0^1 distorted by contact with the soil. Four in t 

C0TOer,^Selagmella; three in lower corner, Trifolium ; the others 

waTl/ (slchsO minate proloi 
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332. Sometimes there are papillar outgrowths from these tra- 
clieids, which are to be regarded as root-hairs. The}' occur 
cliie% oil younger parts of the roots wdiich are in contac^t with 
a moist support, or which are kept wet. They cling tenaciously 
to moist surfaces, and may become much widened and flattened.^ 

333. The cortex of different plants varies greatly in thickness 

and compactness, and in the thickness of the cell- walls. In 



a few cases remarkable laciinm are to be seen (c. g.^ Meny- 
antlies). Z • 

334. The cells bounding the inner layer of the cortex have the 

general characters described under Endodermis ;” their radial 
wmlls are generally more or less plicate, and there are no iiiter- 
celhilar spaces. • 

335. In the pilinary cortex of roots all the various kinds f 

of secreting cells and receptacles for exudations described on I 

p. 97 may be looked for; but as a role they are less developed I 

than in the stem. Colleiichyma occurs sometimes in roots ; \ 

e, g., Eaphidophora. 

336. The central cylinder has, at first, a peripheral la, 3 'er of 

^ Leitgeh : Die Luftwurzeln der Orcliideen, Wien Akad. Denkschr., xxiv.j f 

1865, ,p. 179. . 

Pig. 90. Transverse section of the central cylinder of a root of a vascular cryptogam 
(Marattia Ifevisl: c, internal layer of the proper cortex; p, endodermis; 7a, peripheral 
layer of the xiylinOer: /, liber fastucles; r, woody fascicles ; c, conj’nietive parenchyma 
(pith and inadullarv rays'). (Van Tieghem.) 




THE CENTRAL CYLINDER. 


Ill 


tliiii-walled cells 
in close ' union 
with the eiidoder- 
iiiis ; at certain 
points on this lawy- 
er the T¥Ood,T and 
the liber fasci- 
cles appear, the 
latter alterna.ti ng ■ 
with the former ' 
throughout the 
circle, and the 
spaces between 
them being filled' 
with paren chy ma. 

337. The num- 
ber of - libro- vas- 
cular bundles in 
the central cyliri- 




der varies accord- 
ing to the class of 
plants, and in the 
same plant accord- 
ing to the age and 
size of the root. 
There are generally 
two in CriieifenB, 
often three in Er- 
vum Lens, four in 
Eicinus,five in Vicia 
Faba, six in Alniis, 
and eight in Fagus ; 
but these numbers 
are by no means 
constant. 

338. The woody 
part of the bundle 
nia}" become re- 


layer of tlie cylinder; /. liber wo^v “• Periplieral 

(pith and mednilary rays). (Van Tieghem ) ^ conjanotive parenchyma 

of the slimier m. peripheral layer 
and medullary raj’s). (Van TiegliemO ^ aseicle; c, conjunctive parencbj-ma (pith 


f ; 
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diieed to a single duct, as in some Cariees, or there may he a 
im'ge duct surrounded by smaller ones with or without inter- 
vening cells, or man}' large and small ducts variously conjoined. 
Moreover, there are all degrees of compactness in the union of 
the different bundles of woody tissue wdth each other. 

339. The cribrose part of the bundle may be reduced to a 
single cribrose tube Anacharis), or two or three (e, Poii- 
tederia) ; but usually there are many, which may be variously 
disposed. 

340. Bast-iibres may be associated wdth the eiibrose-eells in 
the jnimary structure of the root, and they may be scattered (and 
occasionally with some sclerotic parenchyma) in the cortex. In 
Philodendron these scattered groups of bast- fibres frequently 
contain oleo-resin canals. 


Secondary Structure. 

341 . The older parts of roots, even the recently formed por- 
tions lying just back of the root-hairs, may undergo changes 

either by the alteration 
of their existing tissue 
elements or !)y the in- 
troduction of new ele- 
ments. Some roots, 
however, dp not suffer 
much change from first 
to last. Their cells may' 
become more strongly 
cutinized or ligniiied 
as the case may be, 
but no new elements 
are brought in. This 
is true of the roots of 
many monocotyledons, 
but in dicotyledons the 
secondary changes are 
generally very marked. 
The ' changes may af- , 
feet either the • cortex or 
the central cylinder; in some cases the former more than the 
latter. 

F IG . 93. Section tlirougli the central cyl inder of a binary root of a vascular cryptogam 
(Oyathea medullaris) : e, internal layer of the proper cortex ; etulodermis; w, pe- 
ripheral layer of the cylituler; 7, liber fasdUes; r, woody fascicle ; c, conjunctive paren- 
chyma (pith and medullary rays). (Van Tleghem.) 
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342. Ill the cortex^ aceordiiig to Olivier/ the secondary tissues 

I are either pareiiehjmatoiis or suberous (corky). The secondary 

j parenchyma of the iiiteg’uiiient proceeds from the peripheral 

j layer of the central cylinder. The suberous tissue in gym- 

iiosperms and in dicotyledons with caducous primary cortex is 
derived from the peiicambial layer; it is composed of tal)uiar 
cells with veiy short radial walls, and begins to form outside 
I of; the primary liber. In the case of woody dicotiiedoiis with 

late-formed secondary vessels, and in inonocotyiedons, it is pro- 
duced in the external zone of the cortical parenchyma, and is 
composed of cubical cells. 

343. Ill a given species the level of the root where cork ap- 
pears depends on the transverse diameter of the root, and also 
on the surroundings; in roots of the same size the cork geii- 

I eiallj^ appears earlier, and is more abundant in aerial than in 

earth roots. 

1 he coitical pareiicliyma is renew’'ed by layers of cells just out- 
side of the sheath of the central cylinder, and its development is 
wholly centrifugal. 

344. The central cylinder undergoes its most remarkable 
changes as the root grows older, in the group of dicotyledons. 
There is very little change, if any, in monocotyledons, but in a 
few^ of the latter some of the secondaiy changes now to be de- 
scribed can be observed (e, g,, Dracmna). 

345. Ill dicotyledons, including gymnosperms, the thin-wvalled 
cells of the central cylinder are in contact wdth the inner face of 
the endodermis, and are kiiowm collectively as the pericamhium. 
Touching this pericambium like the two ends of a bow, there 

, runs a mass of delicate cells behind each liber bundle. At the 

point where these bows touch the inner face of the liber bundle 
a group of cells divides tangentially, forming a cambium layer, 
which soon gives rise within to new woody elements (often 
I coalescent with those of the primary w^oody bundles), and on the 

outside to new liber elements. These new productions are 
called secondary wood and liber. 

346. In some cases for instance Pinos — the cells of the 
pericambium outside of the primary woody bundles produce new 
w^ood and iiew^ liber. The wood is in contact with the primary 
wood, while the liber may serve to connect the bundles of 

!’ primary liber, thus bringing about a union more or less com- 

plete between similar elements. From these secondary pro- 

t 1 Annales des Sc. nat, ser 6, tome xi., 1881, p. 129 

. 8 ■ ■ 
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cluetions come, of course, the apparently imbrokeii riiigs of liber 

If this developiBeiit 
of new wood and 
liber in a perennial 
dicot jledorioii s 
plant proceeds 
iininterriiptedly, 
there will exist at 
the end of the first 
3^ear secondary ele- 
merits in large 
amount. After a 
period of rest, a 
perennial root re- 
sumes growth at 
the points wiiere it 
was suspended, and 
tile formation of 
new ,cork, cortex, 
liber, and wood goes on as before, until it receives further 
cheeks. Owing to conditions to be explained later, the charac- 
ter of the wmody elements is 
not the same at the begin- 
ning and end of an active 
period ; hence there is gen- 
erally a clearly de lined out- 
line bounding the product of 
growth of successive 3 ’ears, 

347. More or less of the 
parenchyma of the original 
cylinder may remain in the 
form of radial lines or of 
bands (medullary rays), 
some of the same sort of 
tissue may be subsequently 
produced from new points of c <5 

activit}^ and hence long and short radii will be met wdth. 

Fig. 94. Section tlirongli the central cylinder of a binary root of a dicotyledon (Beta 
vulgaris): e, internal layer of tbe proper cortex; p, endodermis; m, peripheral layer of 
the cylinder; /, liber fascicles ; ?;, woody fascicle; c, conjunctive pareiicbyma (pith and 
medullary rays.) (Van Tieghem.) 

Pig. 95. Section through the central cylinder of a binary root of a monocotyledon 
(Allium Cepa) : e, internal layer of the proper cortex ; p, endodermis ; ???, t)eripheral layer 
of the cylinder; //liber fascicles; r, woody fascicle; c, corijimctivo parenchyma (pith 
and medullary rays). (Van Tieghem.) 



and the solid masses of w^ood in- old roots. 
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^ o48. The distinction of texture marking the periods of rest 
IS not clear ill the liber, though even here it may sometimes be 
detected. The cork of the root frequently exhibits such dis- 
tinction, but never so clearly as does the cork of stems. 

549. It is a familiar fact, that the fleshy roots of many plants — 
beets, and the like —exhibit in the first year from seed concentric 
imgs, which resemble those found in perennials. This appear- 
ance is due, according to de Bary,i to the fact that at an early 
stage of development (when the root is only about half a inilli- 
nieter thick) a new cambium zone is formed in the parenchyma 
on the outer part of the central cylinder, and this divides tan- 
geiitialiy, exteiidiiig therefore in a radial direction, producing 
woody and liber elements, and at the same time divides laterally, 
so that the whole constitutes a zone hardly broken by the raj's, 
^f oon a second zone is produced in like manner, and afterwards 
others. In all these cases the elements are usually not much 
lignified, but the whole niass remains succulent. 

. It happens sometimes that tertiary formations are produced in 
the root, bearing somewhat the same relation to the secondary 
as these do to the primary. Even formations of higher order 
are sometimes met with. But the elements of all of these are 
easily identified, and their mutual relations can generally be so 
dearty understood that they do not need special description. 
The following enumeration embraces the most important of these 
foimations : tertiary cork and cortex ; fibro-vascular bundles in 
secondary cortex; tertiary liber and wood in secondary wood. 
Such anomalies are more frequent in the stem. 

350* Roots branch by the development of certain cells at the 
peripheral layer of the central cylinder, and just in front of the 
wood.y fascicles.^ 

The root branches only laterally in flowering plants ; in the 
Lj copodiaceie there appears to be terminal bifurcation, and here 
each branch shares with its fellow the tissue elements of the root 
from which they both come. 


mm 


^ I^ergleiehende Anatomie, p. 616. 

liiTfcie types o{ hranching are described by Janczewski : 1. The mother- 
cells pf this layer (the so-called Rhizogenic cells) most frequently give rise 
to all the tissues of the rootlet. 2. They produce only the aentml cylinder 
and cortex, but not the root-cap and piliferous layer, these being furnisiied by 
the endodermis of the root. 3. They produce only the central cylinder, the 
other tissues coming from the endodermis or from the layers immediately out- 
side of It. The subsequent growth of the rootlet both in length and thickness 
IS like that of the root. 
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851. Parasitic roots/ or those which fasten themselves for 
nourishment on other plants, are so much modified by the pecul- 
iar conditions under which they live, that they require special 
mention. Their structure can be best understood by a section 
tli rough the root of Cu scuta. 

Here there is no central cylinder, properly so called, nor is 
there anything answering to the root-cap. The cortex is regarded 

as reduced 
to a pilifer- 
ous laj^er, 
since some 
of its cells 
are pro- 
longed to 
form a fasci- 
cle of long 
hairs in inti- 
mate contact 
with the tis- 
sues of the 
host upon, 
which it has 
fastened. In 
the centre of 

this fascicle of hairs some of the elements are tracheid-iike 
ceils, which are in contact with duets. 

352, The roots of many plants have distinctive colors : in 
some the color belongs to the wood (see 402) ; in others it is 
due to the cell-sap; in others, for instance, the common carrot, 
to orange-colored crystalline bodies. The crystalline forms 
found in the parenchyma of the roots of the carrot are minute 
rhombs, or sometimes rectangular plates to which starch-gran- 
ules are attached. They are associated with small quantities 
of protoplasmic matter. (See Chapter IV., for an aecoiint of 
somewhat similar bodies occurring in flowers and fruits.) 

353. The roots of the higher Cryptogams (such as Ferns and 



^ An exhaustive papei’ cn this subject will be found in Pringsheim’s Jalirb., 
1867 ; ITeberden Ban uiid die Entwicklung der Ernabrungsorgane parasitiscber 
Phaiierogamen, von Hermann Grafen zu Solms-Lanbach, Koch’s paper is in 
Hanstein’s botan. Abhandlungen, vol. ii., 187.5. 

Pig. 96. Vertical section of an haustorium of Cuscuta perforating the host-plant, 
absorbing hairs ; t be central cells are thickened at the base, where they are in contact 
with the ducts, (Koch.) 
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their allies) do not differ essentially from those of Phieniogams ; 
in most cases, however, the terminal growth vcxcept in the order 
L} copodiacetB, is from a single apical cell instead of a group of 
cells. The apical cell produces not only the tissue of the body 
of the root as it extends in length, but gives rise also to the 
superficial cells at the extremity which constitute the root-cap. 
Lateral roots start from the interior layer of the cortical paren- 
chyma, and not froiii the pericambium (see 345). 

354. The fibre- vascular bundles are concentric (see 313), as 
indeed thej^ are in the 

stems of most, of these 
plants ; that is, the bast 

part siiiToiinds the wood mIb 

part, as if with a sheath, ' 

even where the latter part 

is rudimentary. Tiiere is ’ ' ^ _ 

a tendency in the root, less ■ 

marked than in the stem, 

to the production of sole- . ' 

rotic cells of a dark color. ^ ' ' 

The roots of the higher ^ 

cryptogams do not materi-. 

'ally Increase in thickness 
after they are first foi'ined. 

355. Proper roots are , 

not found in Miiscinem (the 

mosses and hepatics) ; the ' . # 

absorbing organs here are M 

more strictl}' root-hairs. # 

These arise as papillm from ff 

the outer cells, and speedily g 

develop into tubular and M 

frequently complex bodies. f 

They o.ften become I 

branched in a remarkable 

. . 97 

manner, twisting and coil- 
ing around one another like the fibres in a thread.’ They, as 
well as the somewliat simpler organs of the same nature, found 
in the Thalloplijtes (such as Alg®, and the like), are termed 
Jihizoids. 


Fig. 97. Seedling of Cucurbita Pepo, showing the main root, side roots, and root- 
hairs. (Sachs.) 
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Tn either in MiiscinesB nor Thaiiophjtes are fibro- vascular bun- 
dles found, although in the former the arrangement of elongated 
cells sometimes resembles that of the constituents of a simple 
fascicle. The root-like bodies b}' which large sea- weeds cling 
to their supports are hold-fasts^ rather than true roots ; the 
whole surface of the plant being bathed in water, all parts can 
probably absorb equally well. 

THE STEM. 

356. That part of the axis of the embryo which is below 
the cot 3 dedoiis is known as the radicle. It is more properly 
termed caiilicle (that is, stemlet), for its mode of growth is 
not like that of the root, but like that of the stem above the 
cotyledons. The name mdkie should be restricted to that 
which is the beginning of the root, namely, the free end of the 
caiilicle. The eaulicle is termed also the In'pocotj'ledonaiT stem, 
or hypoeotyl ; while for the axis which is developed above the 
cotyledons, that is, from the plumule, the name epicotj'ledonaiy 
stem may l)e used. A large h 3 'poeotyl, wliieh has begun to 
germinate, displays the structure of the stem to good advantage ; 
but the initial cells and the nascent tissues of the stem must be 
sought at an earlier stage, for instance, in the plumule of a well- 
formed embryo, as that of Phaseolus or Faba. A vertical section 
through the plumule, made transparent b 3 ’" a clearing agent (see 
24), shows that the cells have much the same arrangement as in 
the root-tip, except that no protective cap is present. 

357. The outer la 3 '^er has divisions onlj" at right angles to the 
surlace ; it is continuous with the epidermis further back, and 
is easily recognizable as nascent epidermis (Dermatogeii), En- 
closed 1 ) 3 ^ this are layers which form an arch, the nascent cortex 
(Periblem). This encloses a mass of tissue from which the fas- 
cicular S 3 "stem is derived (Plerom). These tissues are essen- 
tially the same in character and development as the corresponding 
nascent tissues of the root. 

358. As the tissue elements develop from these nascent tis- 
sues, the stem is produced; its structure is, however, generally 
complicated by the early formation of lateral appendages, — leaves 
in some of their modifications. Moreover, the tissues of the 
stem are continuous with the tissues of the leaves, and it is there- 
fore necessary to take into account the mutual relations of these 
two organs. The problem becomes still further complicated, in 
a large number of cases, by the production of branciies of some 



Pbimaey Structure. 

359. Ill the stem, or ascending axis, the distribution of tissue 
elements is similar to that in the descending axis, — the root. 
There is a more or less transient epidermis, a cortical siibstra- 
tuin, and a central cylinder of some kind. 

360, Tlie epMeriiiis of stems presents few peculiarities of 
structure beyond those alreacl}^ described in Chapter II. In 
most herbaceous plants it persists with little cliange, except in 
the matter of trichomes, throughout the life of the plant ; but 
in most ligneous plants it is replaced, often early, b}' other pro- 
tectiye tissues. Persistent epidermis is found in many woody 
and half- woody plants ; for instance, Eusselia juncea, Leyces- 
teria formosa, and Ptelea trifoliata. 

In Palms ^ “ the epidermis exists in old age only in the cane- 
like and calamoid stems ; in the rest it is more or less destroyed 
by the action of the weather. In Calamus it consists of a simple 
layer of minute cells elongated in the direction from without 
inward, and forms a stoiyy, brittle, shining layer.” 

361, The priiiiarj cortex® consists essentiail}^ of parenchyma 
in which isolated cells of a peculiar character may often be found, 
such, for instance, as crystal cells, laticiferous cells, tannin cells, 
and the like (see 292); and its intercellular spaces sometimes 
serve as receptacles for the various exudations. The paren- 
ch}mia cells geiierallj^ contain more or less chlorophyll, and. some 
starch. 

362. Immediately beneath the epidermis, and not easily dis- 
tinguished from multiple epidermis, is a portion of the cortex 
known as Hypoderma.^ It is rarely’ sclerotic parenchyuna, more 

^ III the plumule and other buds all these parts exist potentially ; and the 
secpience of their development can be successfully followed out by the employ- 
ment of seeds in different stages of germination, or buds collected on succes- 
sive days in spiing and preserved at once in alcohol. In all cases care must 
he taken to have the date of collection of each specimen recorded in such a 
manner that no confusion can afterwards arise. 

2 Mold : Pay Society, Beports and Papers in Botany. The Palm-stem, 
Henfrey’s Translation, 1849, p. 14. : 

^ Vesque (ill Ann. des Sc. iiat., ser. 6, tome ii., 1875, p. 82) gives a very full 
treatment of the subject. 

^ The woixi Ilypoderma was introduced hy Kraus (Pringsheim’s Jalirb., 
1865-66, p. 321), to designate the layer of colorless cells under the epidermis 
of leaves, ‘‘das Analogon des Eindeneollenchyms.’* It has since been ex- 
tended to apply to the external cortex just under the epidermis of steins. 


those of the main axis from which they are given off. 
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frequentlj it is collenchyma. Excellent illustrations of the 
latter Idiid olMiypodeiana are furnished by most Malvaceae and 
Labiatie. 

8GS. Sehleiden ^ distinguished four types of external eortical 
layers in dicotyledonous steins: 1. That existing as a perfectly 
closed layer (penetrated in some cases only by small canals 
opening into stomata) ; as in most of the Cactacte, Rosa, Begonia, 
etc. 2. That divided into many bundles, so that the green cor- 
tical parenchyma reaches the epidermis ; c. g,^ in Malvaceic, Sola- 
nacecC, etc. 3. That which may be quite distinctly recognized 
as a special lawyer, but still grading into parenchyma at tiie 
borders; e. in Pyvus Malus, Hedera, Ficus, etc. 4. That 
more compieteiy merging into cortical parenchyma, and therefore 
less distinct ; c. in Populns, Salix, Bainbucus, etc. There are 
some plants in which it is not distinguishable ; c. g.^ in Cheiran- 
thus, Mesembiwanthemum, etc. 

In Papaver and species of Thalictrum the cells of the cortex 
next to the epidermis have thin walls, while the zone next to the 
central cylinder may be sclerotic. 

The inner boundary of the cortex of the stem is, as in the 
root, the eiidodermis. The thin-walled cells just within it form 
the peripheral layer of the central cylinder , or shaft. 

364. Variations in the cortex consist chieliy in one of the 
following modifications: 1. Increase of its layers, sometimes 
to an extraoi'dioary extent, and often accoiopanied, especially 
in w^ater- plants, by the formation of large air-bearing intereelliilar 
spaces. The student should examine the peculiar structure of 
tlic cortex at the nodes, in these cases of spongy cortex, 2. It 
has been previously shown (215) that collenchyma is a comiiion 
modification of cortical parenchyma. A variation in structure 
reaching the same end as collenchyma, namely, strengthening' 
the stem, is found in a great number of plants ; the cortical 
parencln'raa, especially" at the outer part, becoming conspicuously 
sclerotic, and the tissue very compact. 3. Fibres may occur in 
the cortex, either isolated or in small fascicles. 

365. The priiiniry fihro-yascular handles of the stem are de- 
veloped at definite points in the peripheral layer of the central 
cydinder. Their structural elements, wood and liber, vary as 
regards their relative amount, even in the same plant. A given 
bundle may and generally does change much during its course, 
interlacing liere and there with other bundles, and giving off 
branches at different points. 

^ Principles of Scientific Botany, p. 240. 
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When corresponding bundles of plants of different groups are 
compared together, some diversities as regards the arrangement 
of the wood and liber elements are exhibited ; but most of the 
cases can be referred without difficulty to the class of 

366. Collateral bundles (see 313) of the ordinary type ; 
namely, those having liber on the external aspect and wood on 
the internal aspect. In some cases, however, this order ma^^ be 
exactly reversed ; c. g.. in the cortical fascicles of Calyeanthaceas. 
The wood-elements in collateral bundles are generally arranged 
in radial series ; the inner ducts or their equivalents (tracheids) 
being more slender and having more closely coiled spiral mark- 
ings than those nearer the periphery of the bundle. The radial 
series may be in close contact, separated by very thin plates 
of parenchyma, or 
may have a large 
amount of this tis- 
sue between them. 

In dicotyledons, as 
a rule, the ducts 
at aiyy ' given dis- 
tance from the eeii' 
tre of the stem have 
a noticeable uni- 
formity, so that a 
’ cross-section of 
the primary tissue 
shows a iinmber of 
concentric circles of 
duets of the same 
size. Sometimes, 
however, the ducts 
in a radial series 
inaj’ be reduced to 
one. In stems of monocotyledons there is less regularity in the 
arrangement of the wood-elements, but there is a substantial 
likeness in their structure in any group, Thej^ are generally in 
the form of a blunt wedge, the apex towards the centre of the 
stem, the space between the inclined sides of the wedge being 
mostly occupied by small ducts, wood-cells, and fibres. 



Pig, 98. Transverse section of a collateral fibro-vascular bundle of tlie stem of Indian 
corn : conjunctive parenchyma; a, outer face; inner face of the closed fibro-vas- 

cular bundle, which consists of a xylem portion (gf, p", two large pitted ducts; s, spirally 
thickened duct; r, isolated ring of an annular duct; aeriferous lacuna, caused by 
splitting resulting from growth) and a phloem portion, v^v. The whole bundle is sur- 

rounded by a bundle-sheath of thick-walled cells. (Sachs.) 
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867. The crihrose portion of a collateral bundle often 1ms, in 
addition to true cribrose-celis, prismatic, thin-walled cells, known 
m camhi form cells. 

868. According to Vochting^ the cainbiform and cribrose cells 
appear in vsome cases to have a common mother-cell, wliicii di- 
vides obliquely in the direction of its length. The cainbiform 



1)1) 


cells may divide by transverse partitions, and if the cells are 
moderately large the last divisions may be parenchymatoiis. In 
most monocotyledons and dicotyledons the cribrose-celis are intich 
larger tlian the cainbiform ones, and their cross-sections are distin- 
guished by being less sharply quadrangular. In many succulents 
there are also very small cells resembling undeveloped cribrose- 
celis. 

869. The cribrose and woody parts of a collateral biiiKlle are 
generally distinguishable from each other by the lignilied char- 

^ He Bary reserves for these cells the term Cambiforni, Avliieh was used by 
Niigeli ill a wider sense. 

- IJeitrage zur Morphologie mid Anatomie der Rhipsalideeii, Priiigsheim’s 
Jahrh., 1S74, p. 327. 

Fig, 09. Transverse section of a part of tbe central cylinder of the mature liypocoty- 
lecionary portion of the stem of Ricinus communis: r, pa.rcuchyraa of the primary 
cortex; m. of the pith; between r and & is the simple endodermis containing starcii- 
grains: the tibro-vascnlar bnn«lle is made up of the ]>hl(aMn h, ?/. the xylem //, f , and tbe 
camhinm c, o : e6, interfascicular cambium. In the phloem are the bast-fibres 5, //i, the 
soft bast ft, y (partly parenchyma and partly eribrose-tnbes); in the xylem, small pitted 
f.iicts ^ wider pitted ducts <7, <7, and between them wooii-tibres. (Sachs.) 
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acter of the latter and tlie softer texture of the former. As has 
been before noticed (see 345), in dicot\dedoiis and gyiiinospernis 
ill wiiicli there is annual increase in diameter there is a layer 
of pecoliar inerisniatic tissue (eambiuni) between the two parts. 
It is generally easj' to identify the cells of this eambiom layer, on 
account of their elongated form and intimate contact with each 






other. Their derelopmeut gives rise (1) to new cells like them- 
selves, (2) to cribrose and (3) to woody elements: all of which 
a, re to be examined later, under “ Secondary Structure.” 

370._ The sheaths of colLateral bundles may have the character 
of t 3 ’pical endodermis and envelop the single bundles, or may 
consist of strands of long fibres (hard hasl;), which are on one 
side of the cribrose portion, and accompany the bundle through 
Its whole course in the stem. The strands of fibres frequentlv 
encroach upon tlie_ cribrose part of the bundle so much as to be 
more or less commingled with it (see 311). 

McoUatenil bundles either 
( ) W ith the woody part on the interior as wmll as on the exterior 
aspect (.. ^ Cucurbitaeem), or (2) with an envelope of wood 

®"'’elope is seen at the extremities of 

372 Th character firis). 

f ne b undles of the stem may be concentric (see 313) ; a 

beinrshoTO^™ Fi^' W ! T'^crtM ™ mnir*”’’” '’""5® eross-section 

?>. pblosm-parenchyma; ; caSim (th?r^w ; S, bagt-fibres; 

wards into a crlbrose-tube); in the XTleni noTnfn fr J"’’ ^ after- 

oped successively from V to t' • s tbe V ^ bundle the elements are devel- 

duct, the spiral band nncoilin- f .w? « • f ®'’ f'*’ ^ »'■ ^<3® spiral 

(^achsr” of 




ring of liber may surround the whole of the woody portion, or 
tlie wood may surround the liber. The former of these arrange- 
ments is common in the vascular cryptogams (see 354). 

373. The pith of the stem consists of parenchyma frequently 
intermingled with other structural elements in small amount/ 
especially long fibres, wood}” prosenchyma, and latex-cells. 

The parenchyma cells of pith have been classified in the 
following manner: (1) active cells, having the office of storing 

starch and other assimilated 


1 P^’oduets for a time ; (2) crys- 
tal-cells, in which crystals are 
\ formed ; (3) inactive cells, 

\ which, having lost the power 
receiving starch or other 
7 products, remain empt}’. 

apparendy iinimpor- 
tant distinctions have been 
shown by Gris ^ to be valuable 
identification of consid- 
erable groups of plants. Pith 
/>; composed of active or inactive 

cells alone is termed by him 
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homogeneous ; tliat wliich con- 
tains more or less of both kinds of cells, heterogeneous. The 
arrangement of the elements in heterogeneous pith is so nearlj’ 
constant as to have much interest for the systematist. 

374. The medullary rays comprise the conjunctive pareiich}’- 
nia, which lies between the bundles in the stems of normal 
dicotyledons. The cells are for the most part much flattened 
radially, always so in those cases where the bundles are closely 
approximated (see also 207). 

375. The stem develops from the bud by extension of its 
internocles. When these have attained a certain length, different 


1 The pecnliar structures found occasionally in the periphery of the pith of 
Sambucus, and sometimes in the bark, have been mistaken for fungi, but have 
been shown by Oudemans and by Dippel to be receptacles for a very heteroge- 
neous mixture of tannin and other matters (Verb. d. ISTat. Yereins d. Preussens, 
Rheirilande imd t?estphalens, 1866, p. 1). 

2 detailed account of the orders of plants examined by Gris will be found 
in Nouvelles archives du Museum, t. vi. fasc. 3 , 4, p. 201 (9 plates). An extract 
from the same is given in Ann. des Sc. nat., ser 5, tome xiv., 1872, p. 34. 

Fig. 101. Cletlira alnifolia. Longitudinal section tlirougb tlie reticulated pitli of a 
young brancli; each active cell contains a nucleus and cbioropTiyll grains, December. 
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for different stems, and depending often on some external con- 
ditions, they do not further elongate; but those tissues of the 
iiiternodes by which growth in length has taken place become 
gradually firmer, and constitute permanent tissue. It sometimes 
happens that the nodes and internodes of the stem are not plai nly 
distinguishable from each other. This is the case in most palms, 
where the growth takes place from the terminal bud alone. 

376. Even a cursory examination of the structure of a stem 
which has thus unfolded from a bud shows that the number and 
the distribution of the bundles have much to do with the number 
and the arrangement of the leaves. Comparative investigations ^ 
of large orders of vascular plants have shown that the number 
of the bundles of the stem always bears some relation to that of 
the leaves at a given portion of the axis, and to the arrange- 
ment of the leaves. The more bundles in a given leaf, and 
the greater the number of leaves in a cycle or whorl, the more 
numerous will be the bundles in the stem at that level. In 
monocotyledons with a large crown of leaves these two condi- 
tions are met with, and in these stems are found the greatest 
number of bundles.” 

377. Course and distiifoiition of the bundles in the stem. In 
the inteniodes, the bundles mostlj^ run parallel to the axis, or in 
curves of very long radius ; at the nodes, they may interlace 
transversely. If a bundle is followed through its course from 
below upwards, it will be found to branch at some of the nodes ; 
the branch of the bundle going directly into the leaf at that 
point, or else passing upwards through other nodes until it 
reaches a leaf, the number of nodes traversed varying according 
to the kind of plant and the region of the stem.® More than 
one branch of the bundle ma^^, however, go to a single leaf. 

378. If, now, the course of the bundle be examined from 
above downwards, it can be seen that each leaf contributes its 
simple or compound fascicle to the larger bundle with wiiich that 
from the leaf sooner or later becomes confluent. The fascicle 
from the leaf can frequently be followed down for several inter- 
nodes as a separate thread, the so-called foliar trace. If such 
foliar traces are nearly isolated in their course, a cross-section 
of the stem will give a ground-plan of the leaf-arrangement. 
Usually, however, there is much complexity in the distribution 

^ Nageli : Beitrage zur wissenscii. Botanik, 1858, and Hanstein : Prings- 
keim’s Jalirb., 1858. ' 

2 Yan Tieghem : Traite de Botanique, 1884, p. 746. 

8 Van Tiegliem : Traite de Botanique, 1884, p. 733. 
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of tlie fascicles, and tliey 
curve considerably in tlieir 
course, so that it is often dif- 
■ ficiilt to follow tlie foliar trace 
for more than a short dis- 
tance. If the stem has alter- 
nate leaves, the clireetion of 
the foliar traces will of course 
be different from that in a 
stem with opposite or verti- 
cillate arrangement of the 
leaves. The following figures 
exhibit the course and dis-' 
tribe tioD in a few eases: — 
In the leafy shoot of Clem- 
atis, Fig. 102, the leaves are 
opposite and decussate. From 
each leaf there deseend tiiree 
. 'fibro-^uisenlar bundles ; for 
instance, at the lower node 
there’ are a, 'c, and /, d. 
The leaves at the node next 
above decussate with those 
below ; each of them has 
three fibro-vascular bundles*^ 
respectively, C g, Z, 
and A, m-, winch 
become somewFat 
smaller as they de- 
scend to the next 
node, where they be- 
come blended with 
the bundles there. 
An examination of, 
the third node shows 
that the two , leaves 
there con tribute bum 
dies to the . axial cyl- 
inder; there is again 
a blending of the bundles at the node below. 





Fro. 102. Diagrammatic view of a leafy stem of Clematis, slio wing the arrangement of 
the fibro-vascular bundles : a, &, o, — e,/, d, the fascicles from the lower pair of leaves; 
% fir, Z,— hym, the fascicles from the second pair of leaves; g, r, jp, o, the 
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Botli lateral strands of a leaf in such a case as this run down 
through one internode, bend outwards at the node below, and 
attach themselves to the lateral strands belonging there. 

Suppose, DOW, that a cross-section of the stem of Clematis is 
made at the lowest node represented in Fig. 102 ; all the tibro- 
vascLilar bundles at that point will be seen in their relative posi- 
tions, some of them cut sqiiarel}’ off, 
others obliquely, according to curves 
wiiich they make. A cross-section in 
the inter node above would show slen- 
derer bundles, but all arranged in much 
the same manner as in the thicker inter- 
node below ; that is, in a circle.^ 

The circle is made up of fibre- vas- 
cular bundles which have an inner por- 
tion of wood ; within the circle is paren- 
chyma (the pith), and outside of it more 
parenchyma (the cortex) , which can be 
stripped olf with the bast-portion of the 
central cylinder as bark. 

Compare Fig. 102 with Fig. 103. In 
the latter, the stem does not exhibit in 
cross-section the fibro- vascular bundles 
arranged in a circle : the}’ are more or 
less scattered ; there is no clearly de- 
fined central portion nor well-marked 
outer portion free from them. Hence it 
cannot be said that such a stem has any 
distinction of pith, wood, and bark. 

A further distinction may be here 
noted ; namely, that the bundles in Fig. 

102 have the power of increasing in 
thickness, adding new w’ood and new bast to the primary strue- 

1 Another feature must be attentively studied ; namely, the relation of the 
forming bundles to the young leaves at the upper part of the stem. One may 
say the bundles descend from the leaf to the stem, or ascend from the stem to 
the leaf. But since the development of the leaf part and the stem part of a 
bundle goes on together, these terras, ascend and descend^ should be under- 
stood to refer to our method of tracing the bundles out, and not to the nietliod 
of their development. 

fascicles from tlie third pair of leaves; a?, t, fascicles of the fourth pair of leaves; 

y, S, pairs of undeveloped leaves not as yet having fascicles. The diagram illustrates 

both Clematis Viticella and G. Vitalba. (Nageli, ) 

JFiO, 103. Longitudinal section through the stem of Aspidistra olatinr, showing the 
curved course of the fibro-vascular bundles in the simplest palm-type. (Falkenberg.) 
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ture (see 390) ; but in Fig. 103 the bundles are dosed (see 315), 

■ . inc^'^ipabie of 

i7 V further increase ill 

tliickn ess . H en ee 
any f u r tli e r gro w tii 
in tliickiiess of the 
stem shown , in 
Fig. 103 must be 
by the intercala- 
tion of new bun-' 
dies. 

379. It was held 
by Besfontaines ^ 
that the new vas- 
cular bundles in 

Palms originate in 

^ Quoted by Mohl, 
in The Structure of 
the Palm-Stem . (The 
Pay Society, lleports 
aiul Papers on Bot- 
any; Loudori, 1849). 

An other il 1 u st ra tion 
of tlie arrangement of 
fi bro- vast* ular bun dies 
is liere given : — 

Tlie stem of the Yi- 
tis vinifera, is usually 
regarded as sjmipo- 
diai; that is, it is com- 
posed of internodes 
belonging to. different 
axes (see vol. i. pp. 54 
and^ 154). In this 
species of grapevine 
two leaves in succes- 
sion have a tendril on 
the opposite side, then 
follows a leaf without 

any tendril, next the 
sequence of two with 



trically arranged: A c " I " T/: which are unsymine- 
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tendrils is resumed. Every leaf lias five fibre- vascular bundles, wbicb are 
arranged uiisymmetrieally, as siiown in the figure. The long distance through 
which some bundles can run before uniting with any others, and the differences 
in structure at the successive nodes, ai*e clearly exhibited in the diagram. 

Fio. 105. Diagrammatic projection of tlie disposition of the fibro-vascular "bundles in 
Pliaseolus vulgaris. This diagram, hike Fig. 104, superposes two longitudinal sections, 
both seen from the axis : a, I),c, d; f, g, li,i : }^m,n,o; q,r,s^t ; u,v,w,s;; the succes- 
sive leaf-traces, each with four fascicles. Of the upper leaf-trace, the first two fascicles, 
2^, ds, are visible, e, 7^:, 7r, jp, fascicles for the three leaves below. (Nageli.) 
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the centre of the stem, and that the hard and thic*k vascular 
bundles, situated at the periphery of the stem, are older than 
the softer ones occnxiying the centre. For stems like those of 
Palms he used the term endogenous^ giving the name exogenous 
to the other class, in which new layers are added to the outside 
of the wood. The terms endogenous and exogenous were 
adopted by De Candolle, and have played an important part 
ill Systematic Botany. Comparative researches have shown that 
the term endogenous as applied to the growth of stems like 
those of Palms is not appropriate, and hence the correlative 
words have been generally 
abandoned as names of the 
two great groups of filants. 

They are now generally re- 1 j 

placed by the words moiiocoty- H I ^ I I i '^f I 

ledonous and dicotyledonous li~3J "iL \ 

(see VoL I. p. 69). 

Moreover, it is now gener- U pi ^ !iz?-| f 

ally admitted that, although |||| III 

the distinctions pointed out in y 1/ /f7 i ^ 

366 — namely, those relating | I | | I f f 4 , 

to the arrangement and course yi ^1 1 I p 

of the bundles — are valid for I I j 11 | I 

most plants of the twO' great I I I I I ill 

groups, monocotyledons and 1 I I I I I I I I 1 

dicotyledons, they'' do not hold |||||| llili 

380. Instead of describing M 1 

the numerous exceptions to ff|/| 

both of these groups as ex- I |®'| pi | 1 W 1 | j 

ceptions, many authors have 11111! 111111 

endeavored to construct some ■ | i I I i t 1 I I 1 i I 

new classification which shall los 

embrace most of the anoma- 
lies in one or more co-ordinate divisions. Of these attempted 


L'V^'V'V 
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maybe hollow as in most grasses, or filled in the centre with 
parenchyma through which scattered bundles run. The perii.heiT 

stmnds!^' ^ palm-type, all the bundles are leaf- 

type, in which all the primarv bundles 
are leaf-trace threads. The bundles are arranged in' a simple 
ciicle within which IS pith, outside of which is cortex ; medulLary 

tni:: ot Kunthla :non- 

ceriferi *"r“ of ffie stem of Corypia 


classifications only one will be given here, and that only in part 
and somewhat rearranged ; namely, de Bary’s : — 

_ I. The palm-type. A eross-see- 
tion of most monocotyledons show^s 
that the bundles aio not arranged 
in a simple ring, but that they are 
irregularlj’ scattered or more or 
less crowded to form a shaft, which 
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rays run between the parenchyma of the pith and that of the 
cortex. To this t^’pe belong most dicotyledons, Coniferm, and 
Gnetaceffi (with the exception of Welwitschia^). 

I III. Anoin.aloiis dicotyledons, differing from the last in not 

having all their primaiy^ bundles arranged in a simple circle. 
The extra bundles may either be in the cortex, as in some Mela- 
I stomacem and Rhipsalidese, or thej^ ma}' lie in the pith either 

scattered or arranged in rings, as in Cucurbitacese, the herba- 
ceous Berberidacem, species of Papaver, Thalictrum, Amaran- 

I tiis, and Phj^tolacca, many Nymphseacem, some Begoniacese, and 

a few species of Aral! a. ■ ' 

I De Bary’s other classes comprise anomalous monocotyledons 

and certain higher cryptogams. 

381. To make clearer the somewhat complicated structure of 
palm-stems which have unfortunately been selected in many text- 
books to illustrate the histology of monocotyledons, a few general 
statements are now given as introductory to the special treatment 
in the note.^ That portion of a palm-stem which lies above the 
low’est active leaves (better called is of a conical shape, 
is often much elongated, and carries all the new and forming 


1 For a description of this interesting plant, and an account of its peculiari- 
ties of structure, consult J. D. Hooker on Welwitschia. 

2 The exposition by de Baiy of the structure of the simpler forms of Palms is 
given nearly in full in the translation which follows : — 

“ Since the appearance of Mohl’s Palmenanatoraie, the following main char- 
acters have been recognized as belonging to the simple palm -type. 

** All the bundles in the cylinder (with some doubtful and certainly extremely 
insignificant exceptions which will be mentioned later) are leaf-traces. The 
base of the leaf includes the whole circumference of the stem, or at any rate 
the greater part of it. The leaf-trace is always several threaded : generally it 
consists of many threads, in stout stems even of a couple of hundred ; its width 
is nearly the whole of the circumference of the stalk. From the base of the leaf 
the threads curve down into the cylinder, within which they descend, some in 
its outer surfiice and nearly radial and perpendicular, others radial and oblique, 
first pressing inward toward the long axis of the cylinder in a curve which is 
convex towards the upper and inner side of the stem, then curving outward, 
and gradually passing towards the outer surface of the cylinder, and in propor- 
tion as they approach this, approximating towards a perpendicular position. 
All threads descend through many internodes, and unite at last in the outer 
portions of the cylinder with others which enter it further down, attaching 
themselves to these in a direction which is sometimes tangential, sometimes 
radial, and sometimes oblique. Until this attachment of their lower ends, the 
bundles run independently. The union of the lower ends of bundles with 
others that enter the cylinder lower down generally takes place in such a way 
that the whole number of the bundles in successive internodes of equal cir- 
cumference remains about the same. As the successive internodes and leaves 
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leaves. It is known as the Fhyllophore, The newest leaves are 
formed nearest the apex of this cone ; and here, as before shown, 
all the fibro-vasciilar bundles common to the leaves and stein origi- 
nate. In most cases there is absolutely no increase in thickness 
of the stem below the base of this cone ; but as the apex of the 
cone is developed and extends further upwards, thus elongating 
the stem, there is also a growth in thickness of the part of the 
cone just above its base. Thus a uniform size of the cylindrical 
stem is kept. But such inci'ease in thickness cannot continue 
below the point at which there are active leaves. 

increase in size, the number of bundles grows larger, and conversely. The 
number of iiiternodes through which a bundle passes cannot be lixed with 
exactness. 

“Those bundles in a leaf-trace which curve like a bow towards the middle of 
a cylinder do not penetrate to equal depths ; as a general thing, the median 
bundle of a series lies deepest, and the others lie less deep in proportion to their 
distance from this ; the marginal ones descend nearly perpendicularly in the 
outer surface of the cylinder. Where tlmre are several series of bundles, those 
in the inner seiies generally penetrate more deeply tlian those in the outer 
ones which lie at an equal distance from the median thread. 

“ The necessary consequences of the course described are : first, that in tlie 
cross-section of an internode the bundles stand closer togetlier in proportion as 

tliey are nearer to the outer 
surface of tlie cylinder, — 
a phenomenon which is 
especially noticeable when 
the bundles are distributed 
over the whole surface of 
the cross-section of the 
cylinder ; second, the suc- 
cessive traces dwindle, and 
their curving threads cross 
each otlier. Mohl’s cele- 
brated plan, which is here 
reproduced in Fig. 108, ex- 
hibits this latter relation 
in a radial longitudinal 
section, being ^ based on 
the untenable assumption 
til a t all the threads of a 
trace are nearly equally 
curved, and are placed in 
a tangentially perpendicu- 
lar direction, so that they 
form in the outer surface 
an open curving cone. If it 

Fig. 108. Molirs dias:ram of the course of the ftbro-vascalar biiiidlea. 

Fig. 109. Diagram of tlie course of fibro-vascular bundles in a palra-stem with dis- 
tichous leaves. (DeBary.) 
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382. Branner^ lias shown that the bundles in Palms do not 
end blindly at their iow’er extremities upon the surface of the 
stem, but that the 3 ’^ are connected in sections or divisions from 
base to summit one with another, and one on top of another. 
He has further shown that each bundle lies in a spiral curve 
within which it grows ; and whether it returns to the surface 
upon the side in which it originated or upon the opposite side, it 
is alwa^’s in this curve. 

383. The structure and development of monocotjdedons have 
received much attention during the last few years, and the 
results obtained have caused some modification of previously 
existing classifications. Two of the proposed methods of re- 
arrangement are herewith given : — 

384. Falkenberg recognizes the three following types of stems 
of monocotyledons. 

I. The tissue of the central cylinder is not plainly separable 
even in its mature state into conjunctive parenchyma and fibro- 
vascular bundles. (To this type belong the water-plants, 
Zostera, Potamogeton, and probably all submerged monocoty- 
ledons.) 

II. The bundles and the fundamental tissue are plainly differ- 
entiated ; the former extending almost horizontally from the 
leaves to the middle of the cjdinder, then curving downwards, 
running outwards, and finally terminating in the superficial 

is assumed that the leaves alternate with precisely one half divergence, and in- 
clude the stem, and that the threads stand tangentially perpendicular, then the 
actual course in the stem will he shown in the plan of a radial section through 
the median thread of a leaf given in Fig. 109. But the assumption of a radi- 
ally perpendicular course is valid only for those bundles which are also tangen- 
tially perpend ieular. As was first observed by Meneghini, admitted afterwards 
by Mold ( Yerm. Schriften, p, 160), and more minutely shown by Ntigeli, each 
radially curving thread runs also in a tangentially oblique direction, and 
in spiral curves which are proportionate to the radial curving. Nageli found 
the median thread of a leaf of Chamsedorea elatior, Mart., for example, making 
IJ revolutions in six internodes ; in the sixth, it had not, in its outward course, 
quite reached the middle point het\veen the centre of the stem and the inner 
surface of the bark. In stems with very short internodes and closely crowded 
bundles the spiral curves are at once perceptible in the cross-section, being 
plainest in the bundles of the stem of Xanthorrhoea, which press almost hori- 
zontally towards the centre of the stem, this peculiaiity giving to its cross- 
section the strange appearance which has been frequently mentioned. 

“ Finally, many variations from that course of a thread which has here been 
described as typical may occur ; there may be cuiwings alternately toward 
the outside and the inside, etc., which are not constant.” 

1 Proceedings of American Philosophical Society, 1884, p. 459. 
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layers of the central tylinder 


(The Mohl-Mirbel Palm-T ype,, 
illustrated by Asparagus, Iris, Canna, Aspidistra (see Fig. 103 ), 

- , Acorus, Scirpus, Zea, etc., the 

' • ■ . • ■ underground parts of Lilium, 

types of structure in the stems of 
monocot3’ledons which depend 
•hiefly upon the relations of a central zone (called “ interme- 
liate”) to the fibro-vascular bundles in the remaining portions of 
he stem. The classification has no substantial advantage over 


^ ^ These types will be better undei^stood after some peeuliaritie 
minology are explained. 
central region of parenchyma ; by 
diately surrounding 
the external circl 
six types are the following : — 

1st Type. Ko intermediate zone between the pith and cortical zone 
e, g., Polygonatum vulgare. 

2d Type. ^ An intermediate zone represented by different tissues : — 

1. Consisting of cauline bundles ; e. </., Iris fiorentina. 

2. Consisting of meristemiform tissue (that is, tissue which producec 

from secondary meristem retains the shape but not the activity o: 
meristem) ; r. g,, Chamiedorea elatior. 


^ js in the ter« 

By ‘‘ pith,” in monocotyledons, Giiillard means the 
intermediate zone,” the active zone imme- 
the central region ; by cortical zone,” the zone outside 
de of bundles and the products of the intermediate zone. The 
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Second AEY Structure, 


386. It has been noticed that the fibro- vascular bundles of 
inoiiocot 3 ieclons differ from those of dicotyledons cliiefi}’' in the 
|)<'>ssessioii l:ry the latter of a la^’er of inerisniatic tissue (cambium) 
between the eribrose and woody portions. The stems of pereO” 
nitii dicotyledons increase in thickness from year to year cliielly 
i)}' the annual production of a new mass of wood upon the in- 
side of this laj^er, and of liber 
upon the outside ; ■ but ■ the stems 
of most iiioiioeotyledons have no- 
provision for amiiial increase in ' 

■diameter. Hence it is convenient, 

-'in spite of numerous anomalies, 
to consider the - secondary struc- 
ture of the stem ' under these two 
heads. 

387. Secoiiilary striictiire ' of 
iiioiiocotjledoiioiis stems* As has 
been alreadj' observed, the pri- 
mary bundles in palms run from 
the leaves in curves of long ra- 
dius until thej^ again approach 
the surface of the stem, and their 
fullest development is foimd in 
the middle part of their course. 

While a cross-section exhibits 
these bundles as scattered without 
much order in a mass of paren- 
chyma, a vertical section sliows 
that the}^ have entered the stem 
at different heights (since the 

leaves with which the}^ were developed were at different points 
on the stem). A vertical section can display only parts of most 
of these curved bundles. At the stem of a palm just below the 
crown of leaves there are as many bundles seen in a cross-sec- 



5th Type. A central mass of secondary tissue, formed from central meris- 
tem. Intermediate zone well developed ; e. ,< 7 ., Trigloehin maritimiim, 
6 th Type. Bundles having several distinct liber elements ; e. g., Tamils 
comnmnis. (Anatomie (le la tige des Monocotyledones, Ann. des Sc. 
nat., sen 6 , tome y., 1878. p. 1.) 


Eig. 111. A diamond-ahaped mesh of primary fascicles intermingled with secondary 
fhscicles in the stem of an Opuntia. (Reinke.) 
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tioii as have been derived from the leaves at that point ; and 
since these bundles do not possess a cambium la 3 "er, thej have 
no power of increasing in size. The onty changes therefore to 
be looked for in the stern of a palm from year to j’ear are those 
in the ragged exterior from which the leaves fall, and the pos- 
sible increase in firmness of the individual elenoLents of the older 
bundles. The steins of most palms are as thick when tliej" begin 
to ascend from tlie ground as they will afterwards be, their bun- 
dles earl}' becoming permanent tissue throughout. 

388. The presence of obscure nodes in the stem ma^^ com- 
plicate its structure somewhat by the introduction of horizontal 
interlacing bundles ; but there is in these cases, as in the former, 
no provision for increase in thickness. 

389. In some monocotyledonous stems new bundles can arise 
in a merismatic layer just within the cortex, and therefore cause 
an increase in the diameter of the stem. 

A similar mode of increase in thickness is met with in the 
stems of many dicotyledons ; as those of Nyctaginacejc, many 
Clienopodiacem and Amarantacene, etc. Secondarj' bundles are 
formed in a merismatic la 3 ^er outside the primar}^ bundles, and 
in contact with their liber. 

300. The secondary stricture of iioriwal dicotyledonons stems 
(see 369) is easily understood when it is remembered that the 
cambium of their priinaiy bundles possesses the power of form- 
ing the following kinds of tissue ; a, new wood on the outside 
of that which was last proclueed ; 5, a layer of new liber ; c, fresh 
camhinni for subsequent activity^ ; and continuations of tlie 
medullary rays. 

The cambium layer in the steins of most dicotyledons is com- 
posed of extremely' delicate, thin-walled cells, ■which are filled 
with protoplasm and building materials. In the spring, wiien 
the bark is readik stripped from the wood, this layer appears as 
a thin film of mucilaginous matter, showing, to the naked eye, no 
cellular structure. In the case of such plants as the maple, 
birch, and pine, this juicy mass possesses a very sweet taste, 
owing to the large amount of organizable nutrient matter "which 
it contains. 

391. The cambium lay'er exposed by removal of the bark soon 
dies, and of course all further increase in diameter is impossible 
unless the wound is healed in some ‘way^ (see 421). 

392. The growth in size of the stems of normal dieotyledons 
depends therefore upon the existence and activity of cambium 
cells between the wood and bark. The juxtaposition of the- 



IKOBEASE IN SIZE OF STEMS, 


primary bimdles brings the cambimp. into the form of a circle, 
sometimes broken, but freqiieiitl}’ uninterrupted. If the cam- 
bium circle is substantiall}^ unbroken, a new compact ring of wood 
is laid upon the wood 

of the primary bun- B A 

die, and a new ring ^ ^ 

of liber forms within ^ ^ 

the older liber. This / ^ ^ ® \ 

action may be indefi- P-C ^ -■'j ) ^ j 

iiitely repeated; and ^ '/ 

*in a climate where f 

there are notable dif- 

fereiiees either in tern- ^ C 

perature or moisture 

between the seasons, ^ 

the concentric circles 

tact, the new wmod \ 

added year by year , ^ 

simply increases the 

size of the wedges at \ i \ / 1 / 

their outer part. \ V ^ ^ J / 

393. New bundles \ ^ \ 

ma}^ be intercalated 
directly between those / 

already present, and 
grow in much the 

same manner as the 112 

primary ones ; or they 

may arise at new points of activity and produce great changes 
of form. In the same way tertiary changes and those of a 
higher order ma}" follow the secondary ones, giving rise to stems 
which have a very complicated structure. The most puzzling 
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cases can generally be referred to eccentric o-rowtb 
orinore parts, as in flattened stem,s, or exiflained ' 
duction and more vigorous growth of supcruumerar, 
oJ4.Extiaoidmarj anomalies tillhixha hr f 

tropical countries, woody climbers with distorted .si 

ISm® o*-^lers ; luxmelv, Bigaoiii 

pi^liuicem, Memspermacem, and Aiistolochiace'e 
estuig cases are shown, in the aecomiianvio- ‘iion, 
butiiciently explained in the descrintive 


'Ml 
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1 Verhaiidl. d. botan. Vereins der Prov., Brandenburg, 
^ Child : Popular Science Monthly, December, 1883. 
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^ S. Watson, in Addendum to Botany of California. 

2 The following estimates cited by De Gandolle (Physiologie Vegetale, 
p. 1007) are believed to range altogether too high: — 

The Linden of Nenstadt, in Wiirtemberg, 1147 years. 

The Oak of Bordza (on the Baltic), 710 distinct rings counted and 300 in- 
distinct rings estimated = 1010 years. (By Otto’s rule this would be 1080 
years.) 

The Yew of Crow-Hurst (Surrey), measured by Evelyn in 1660, 1458 years. 

The Yew of Bra burn (Kent), measured by Evelyn in 1660, and said by liini 
to be superannuated, 2880 years. 

The evStimate given by Do Candolle, of the age of trees of Adansonia ( Ihio 
bab) ; namely, 6,000 years, has been shown by Dr. Gray (North Aiiimican 
Review, 1844) to be wholly erroneous. 

3 Otto’s rule is thus given by De Candolle : Ascertain the diameter at the 
height of about five feet, and make a notch at the same point on the circular 
surlace, to count a certain number of annual layers which we iiieasiire. Yfo 
then find the annual growth of those trees -which have left off growing in height 
by the formula — and of those which continue to grow in height by 

the fomula Y ; being the diameter of tree ; V, volume of same ; 

(7, thickness of annual layers which have been counted ; %, the number of these 
layers (Physiologie Vegetale, p. 981 . 


The largest number of rings yet reported in any ease appears 
to be that given for the great trees of California ; namely, 
‘^2,100, with a probability that others considerably exceed this.” ^ 
Other higher numbers of rings or estimates of age are, however, 
given in some wwks.^ 

899. That it is unsafe to base any calculation of the age of a 
tree upon its diameter follows from the fact that its growth dur- 
ing one year differs from that during another (see 400). Even the 
use of De Candolle’s modification of Otto’s rule,® which is per- 
haps the best yet given, leads to erroneous results. The method 
assumes that the iiumber of rings averages nearly the same to 
any given unit of thickness in the outer as in the inner part of 
the stem. Having determined the number of rings in an inch 
just imcler the bark, this number is multiplied by the radius in 
order to obtain the wEole. For example : Extract from opposite 
sides of a tree two pieces having a deptli of two ineiies each. 
Suppose the number of rings in the two-ineh piece on one side 
to be 20, wdiile in the other there are 82, the average per inch 
will be 18. Deduct twice the thickness of the bark from the 
whole diameter of the tree, to obtain the diameter of the WT)od 
in inches, and multiply one half of the diameter by 18. 

400. The w’oody rings annually formed in a stem differ con- 
siderably in size ; a narrow ring being the growth of a cold 
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season, a broad ring of a wanner one. Their width %"aries also 
in the same species in different localities: thus, in Pinas sylves- 
tris, grown between 50° and 60° north latitude, in Europe (the 
space occupied by the British Isles), the annual layers are very 
seldom less than ^ of a inilli meter in thickness ; while in the 
same tree, grown far north, the thickness is not ^ iPiUi- 

meterl The width varies also in different parts of the same 
ring. For instance, in the case of Finns s^ylvestris, Bravais and 
Martins found the two opposite radii in a stem to have the ratio 
of 9 to 19, the side having the greatest thickness being that 
which had its foliage best exposed to air and light. The eccen- 
tric growth of the wood of branelies has been often noted ; the 
longer radii are those on the lower side. 

401. Sap-wood (Alburnum ). The new^ and soft wood con- 
tains a larger proportion of soluble organic matters, of nitro- 
genous substances, and, when fresh, of w^ater, than the older, 
harder wood lying just within. The sap ” of the tree is found 
in largest amount in the newer wood. The name alburnum was 
given to the sap-w^ood b^y the earl^’ histologists on account of its 
white or pale color. Contrasted wdtli it, but not always veiy 
sharply, is the harder substance, Heart- woodj> or Duramen.^ The 
latter was given its name because of its greater hardness, or 
durability. Generally tliere is some distinction in color between 
the sap-wood and heart- wood, owing to the presence of peculiar 
coloring-matters lodged in the texture of the latter.^ 

402. Color of w^ooiL The deep colors which characterize maiij" 
kinds of wood are contained chiefly in the walls of the ceils and 
duets. In Hmmatoxyloii Campechianum the coloring-matter 
sometimes occurs also in crystals inside the cells themselves or 
in clefts of the wood. The wood of Pterocarpus santalinus (Red 
Sanders- wood) consists of libriform cells intermingled with small 
groups of very large ducts, both of which contain the rulyy color- 
ing-matters in large amount. Many Berberidacese, Cladrastis 
tinctoria, Cercis, etc., have j^ellow coloring-matters in the wood ; 
in Giiaiacum the color is greenish ; in black walnut, brown ; in 
ebony, .nearly black. 


1 Bravais and Martins : Ann. des Sc. iiat., ser, 2 tome xix., 1843, p. 129. 

^ The word Duramen is used by some writers to denote nierety that heart- 
wood which has become very dense by peculiar infiltrations (Saunersdorfer, in 
Sitzungsber. d. k. Akad, Wien., 1882). 

® The following figures, giving the proportion of sap-wood to the entire vol- 
ume of the trunk, are from Tredgold (Principles of Carpentrj^ Section X., cited 
by Eankine) : Chestimt, 0.1 ; Oak, 0.294 ; Scotch Fir, 0.418. 
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403. It may be here mentioned that many woods have charac-^ 
teristic odors; for instance, sandal-wood, violet-wood, and many 
of the coniferous woods. 

404. The presence of resinous matters in wood, partieulaiiy 
when these are evenh’ although sparinglj’ distributed through the 
mass, exerts a marked effect in retarding decay. The durability 
ofthe wmod of Southern CVpress, even when exposed to the joint 
action of the warmth and moisture of a greenhouse, is usually 
attributed to their presence. But there are some cases of great 
resistance to the inliiiences producing decays which cannot be 
referred to the same mode of protection ; for instance, those of 
■Eobinia Pseudacaeia (or common Locust and Catalpa. 

405. Various processes have been tried for destroying the 
putreseible matters in cells, or so modifying the character of 
the cell-wall that the wood can be protected against decay. 

406. The oldest known method of preserving wood is car- 
bonizing, or charring, by which , those constituents of the -wood 
specialh’ liable to decay are so changed as to be no longer liable 
to putrefaction. The wood-preserving processes known as Bur- 
iiettiziiig and Kyanizing have for their object the coagulation -of 
protein matters in wmod-cells, thus retarding if not preventing 
putrefaction. 

407. In Kyanizing, a solution of mercuric chloride is forced 
into the texture of the dvood; but the cost of this substance 
is so great, that it has led to a general abandonment of the 
process. 

408. In Burnettizing, the wood is impregnated with a solution 
of zinc chloride containing about fifty-five per cent of the dry 
chloride. This is forced into the wood under pressure. 

409. Another process — ereosoting — depends upon the intro- 
duction into the wood of a solution of impure creosote, a pressure 
of about one hundred and fifty pounds to the square inch being 
maintained until the wood has absorbed a siiflicient amount of 
the antiseptic liquid. Some of the antiseptic matters obtained 
by a rough distillation of coal-tar are also used for preserving 
wood. 

It is an interesting fact that even w^ood which in the air 
is specially liable to decay can be preserved for a long time if 
deeply submerged in water. 

410. There is an appreciable difference, especially in length, 
between the wood-cells of the earlier annual rings and those 
which succeed them ; and San io has shown that an increase of 
length of the cells occurs up to a certain period of growth, when 
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an average appears to be established. -This, fact is illustrated 
by the following table, based on measurements of, tracheids of 
Piiius sylvestrisP 


Number of the annual Medium length of the Medium width of the 
ring. tracheids. tracheids. 

1 ... ® . . .95 nmi. .017 mm. 

17 ..... . 2.7t.:, “ 

19 . . ... . . 3.13 “ 

. 31 . . . . .... 3.60 

37 ..... . 3.87 “ 

38 . . .. . . . 3.91 “ 

39 . ..... 4.00 “ 

40 . . , . . . 4.04 ‘‘ 

43 ...... 4.09 “ 

.45 . . . . . . 4.21 , “ . . . ; , , 

,46. . . . . „ . . 4.21 “ . 

:72 . . . . . 4.21 ■ ■ ■ .032 mm. 


From this table it is seen that the increase can be traced up to 
the fort}’’- fifth year, but that from that time on, the tracheids in 
one ring have the same length- as those in. the next. Those in 
the forty-fifth annual ring have an average length' of about five 
times' that of those in the first. In- the wood'. of oak, the libri- 
form cells exhibited the greatest difference in length. Thus 
Sanio found that in a stem of Quercus pedunciilata, with 130 
rings, the niedium length of these elements in the ring of the 
first year was .42 nim., and in the three outer rings 1.22 mm. 
Tracheids ill the same rings measured, however, only .39 mm. 
and .72 nini. respectively. With this increment in the length of 
wood elements in successive rings, Haberlandt associates a fact 
noticed by Alexander Braun namely, that 'the wood elements 
ill some stems and branches stand not parallel with the axis, but 

^ Ueber die Grosse der Holzzelleii bei der gemeinen Kiefer, Priiigs. Jalirb., 
viii. '409. 

^ Ueber den sebiefen Verlaiif der Holzfaser, und die dadurch bedingte 
Drebmig der Baiime, Berlin, 1854. 

It is proper to refer at this point to an instructive paper by Abromeit 
upon the histology of the oaks, in which the most marked characters of the 
Horth American species are fully treated (Pringsheim*s Jahrb., 1884, p. 209). 
According to Abromeit, the oaks can be plainly classified as follows : — ■ 

1. With wide well-marked medullary rays, 

A. The annual rings distinctly defined by the concentric circles of the 
larger ducts of the .spring wood, and seen by the naked eye. The 
smaller ducts are arranged in radial rows in the autumn wood, 
a. With thin-walled ducts. 

a. The radial rows of small ducts touch each other tangentially : 
Quercus lyrata, alha, Durandii, stellata, macrocarpa, Wislizeni 
Prinins, Garry ana, hicol or (var. Michaiixib. 
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■somewhat oblique tliereto. ■ The degree of obliqiiitj^ is, generally 
from 4 ° to 0°, it is sometimes much higher than this; for 
iiistauee, 10° to '20° in horse-chestnut, 30° in Syriiiga vulgaris 
(Lilac), 40° in Sorbus aueuparia, and 45° in Ponlea Graiiatiiin. 

411. Density of wood. Owing to its greater fiminess and 
smaller amount of putrescible substances, heart-wood is economi 
eaily of far greater value than sap-wood ; and hence nearly all 
determinations of densitjy strength, etc., are made upon it, 


The radial rows of the smaller duets are relatively narrow and 
for the most part isolated tangentially : Querens Ineolor, ses- 
silitlora, Iberica, grosseserrata, castanei folia, ptediineiilata, 
Thomasii, undulata (var. grisea), Mongolica, macranthera, 
heteroiihylla. 

7 . The radial rows of the smaller ducts are very narrow, and the 
ducts differ somewhat in width. The large duets are in groups 
in the coiicentrie circles : Qiierciis lolnita. 

L With thick- walled ducts. 

a. The large duets in tlie concentric circles are indistinidly grouped, 
while tile small duets are crowded in narrow radial i*ows : 
Quercus rubra and tlie var. ? Texana. Quereus tiiietoria. 

Largo ducts, as in the previous group. The radial lines of the 
smaller ducts wide, and the duets themselves visible to the 
naked eye : Quereus imbricaria, liypoleuca, laurifolia, Kelloggii, 
paliistvis, taleata, Catesbaii, aquatica, nigra. 

7 . With distinct radial grouiiing in the circles of tlie larger ducts of 
the spring wood. The radial rows of smaller diicts narrow and 
straight. The small diuds visible to the naked eye : Quereus 
Cerris, serrata, Phellos, eoeeinea. 

B. Having thick -walled duets of one kind, and these arranged in radial 
rows or groups. The annual rings are not distinct to the naked eye, 
and are defined chiefly by the thick-walied wood-cells of the outer 
layers of the autumn wood. They are easily made out under the 
microscope. 

a. The radial rows of ducts are for the most part wide : Quereus 
virens, ohlongifolia, chrysolepis, rugosa, Ilex, coceifera, Cirlii- 
prinos, lanuginosa, pauciiammellosa, glabra, Biirgeri, gilva, 
thalassica. 

jS. Radial rows of duets mostly narrow : Quercus Suber, agrifolia, 
glauea. 

11. The wide niedullaiy rays appear under the microscope to be somewhat 

interrupted by wood-cells, so as to appear like groups of narrower 

rays: Quereus dilatata. 

The principal kinds of wood -cells in oaks, according to the nomenclature of 
Abromeit, are: first, the “pointed,” of which there are two varieties, the septate 
and the imseptate ; and, second, the “ blunt,” which, are of (mmparatively wide 
caliber, and have thin walls. The length of the pointed cells in an average of 
171 measurements was found to he 1.224 mm. ; that of the blunt cells only 
,1 mm. Besides these two chief kinds, there are transitional forms of every 
sort: ■ ■ , 
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rather than upon the latter. The lightest wood is probablj’ the 
so-called cork-wood’’ of the West Indies (Ochroma Lagopus), 
with a specific gravity of .25; the heaviest is Coudalia ferrea, 
specific gravit}’- 1.302.^ The specific gravity of pure cellulose is 
given by authors variousl}’ as 1/25 to 1.52;^ hence the figures 
noted above for the extremes of wood-density show indirectly the 
degree of buoyancy imparted b}- the air entangled in the tissues.'^ 
412. Wood-fibre used for paper-pulp. The longer wood-cells 
of man}?’ common ligneous plants can be profitabi}' separated 


1 Tenth Census of the ITiiited States, vol. ix,, p. 272. 

Ebermayer : Chemie der Pfianzeii, 1882, p. 164. Husemanii and Hilger: 
Die Pdanzenstoffe, 1882, p. 108. 

The following determinations were made under the direction of Professor 
C. S. Sargent, for the Tenth United States Census. 


Botanical name. 

Common name. 

Region. 

. L 
(> m 

< A 

Ui 

42 

ri 2S 

Sequoia gijjantea. 

Big Tree. 

California. 

0.2882 

18.20 

Pimis Strobus. 

WTiite Pine. 

North Atlantic. 

0.3854 

24.02 

'I'suga Canadensis. 

Li r i o< lendr on Tulipi- 

Hemlock. 

North Atlantic. 

0.4239 

26 42 

Wbitewood. 

Atlantic. 

0.4230 

26.36 

161 

Taxed i um distich um. 

Cypress. 

Chestnut. 

South Atlantic. 

0.4543 

27 65 

Oastanea vulgaris, var. 
Americana. 

Atlallti^^ 

0,45(,)4 

28 07 

Abies nigra. 

Black Spruce. 

North Atlantic, 

0.4584 

28 57 

Pofjulnfl grandidentata 

Pox)lar. 

North Atlantic. 

0.4032 

28.87 

Finns resinosa. 

Norway Pine. 

North Atlantic, 

0.4854 

30.25 

Piiuis rigida. 

Pitch Pine. 

Atlantic Coast. 

^ 0.5151 

32.10 

Acer dasycarpum. 

Silver Maple. 

Atlantic. 

0..5269 

32.84 

Pyrus Americana. 

Mountain- Ash. 

Atlantic. 

0.5451 

33 97 

Bet Ilia nigra. 

Red Birch. 

Atlantic. 

0.5762 

35.91 

PlatJinus occidentalis. 

Sycamore, Buttonwood 

Atlantic. 

0.5678 

35.38 

Jnglans nigra. 

Biack Walnut. 

Atlantic. 

0.61 15 

38.11 

Lari x Am ericana. 

Larch. 

North Atlantic. 

0.623C 

38.86 

Ulmus Americana. 

White Elm. 

Atlantic. 

0.6506 

40.54 

Praxinus Americana 

White Ash. 

Atlantic. 

0.6543 

40 77 

Quercus rubra. 

Red Oak. 

Atlantic. 

i 0.6.540 

40.75 

Acer saecliarinum. 

Sugar Maple. 

Atlantic. 

1 0.0912 

43.08 

Fagus ferrugiuea. 

Beech. 

Atlantic. 

! 0.6883 

42 89 

Qnercus alba. 

Wliite Oak. 

Atlantic. 

0.7470 

40 35 

Botula leiita. 

Cherry-Birch. 

Atlantic. 

0.7617 

47.47 

(^uercus Virens. 
G-iiaiacum sanctum. 

Live Oak. 

South Atlantic. 

0.9501 

59.21 

Lignum Vitse. 

Semi-tropical Florida. 

1 1.1432 

i 

71.24 


The specimens used in the above determinations by Mr. S. P. Sharpies were 
dried at a temperature of 100® C. \intil they ceased to lose weight, when the 
specific gravities were obtained by measurement with micrometer calipers and 
calculation from the weights of the specimens. 

For the purpose of utilizing histological features in the identification of 
woods, classificatory tables have been prepared by many authors. One of the 
most useful of these is given in Schacht’s work, Die Pfiaiizenzelle, in which 
the different wood -cells of Conifeim are described, in order to aid in the recog- 
uitioii of the genera. Another is de Bary’s (Yergleiehende Amitomie. p, a09* 
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translated in Sachs’s Text-hook, 2d Eng. ed., p. 651), in which the stmetnral 
characters of many kinds of wood are given. The table will he found con- 
venient for reference. 

1. Wood consisting only of traclieids with bordered pits : — 

Wintereie (Drimys Winteri, Tasmarmia aromatiea ; also Trochodendron 
aralioides) : (Conifers). 

2. Wood consisting of vessels, traclieids, parenchyma, and intermediate cells ; 

that is, substitute or replacing cells or fibres (ersatzlaserii) : — • 
a. With no intermediate cells ; Ilex a(|uifolium, Staphylea pinuata, Rosa 
eanina, Crataegus monogyna, Pyrus communis, Spiraa opiilifolia, 
Camellia, etc. 

5. With no parenchyma ; Porlieria. 

c. With both parenchyma and intermediate cells ; Jasminum revoliitum, 

Kerria, Potentilla fruticosa, Casiiarina erpiisetifolia and toi'iilosa, 
Aristolochia Siplio, etc. 

3. Wood consisting of vessels, traclieids, fibres, parencliyma, and intermediate 
' ceils : — ' . 

a. With no intermediate cells ; fibres un septate ; e. g., S.-imhmais nigra 
and racemosa, Acer platanoides, Psendoplatanus, and c.unpestris. 

d. With both parenchyma and intermediate cells ; fibres iins<'pTate ; Ber- 

beds vulgaris, Miahonia ; (Ephedra). 

c. With no intermediate cells; fibres septate and unseptate ; Piiiiica, 

Euonymiis latifolius and Europmiis, Celastrus vscandfuis, Vitis viiii- 
fera, Fuchsia globosa, Centraclenia grandifolia, Hedera. Helix, etc. 

d. W^ith all four kinds of cells ; Miihlenbeckia coinplcxa, Ficus. 

4. Wood consisting of vessels, traclieids, fibres, parenchyma, and intermediate 

cells. This is the most common, and may be taken as the typical structure; 
a. With no intermediate cells ; Sparmannia Atricaria, Calyeanthus, Rham- 
nus catharticus, Ribes riibnim, Qiiercus, Castanea, Carpinus sp., 
Amygdaleae, Melaleuca, Callistemon sp,, etc. 
h. With no parenchyma ; Caragana arborescens. 

c, With both kinds of cells; most foliage- trees and shrubs; e, g.^ Salix, 
Populus sp., Liriodendron, Magnolia acuminata, Alims glutinosa, 
Betula alba, Juglans regia, Nerium, Tilia, Hakea suaveolens, xVihui- 
thus, Robinia, Gleditschia sp., Uiex Europieus, etc. 

5. Wood consisting of vessels, fibres, parenchyma, and intermediate cells : — - 

a. With no parenehjmia ; Viscum album. 
h. With no intermediate cells ; Avicemiia. 

c. With both kinds of cells ; Fraxinus excelsior, Ornus, Citrus medica, 
Platanus, etc. 

6. Wood consisting of vessels, fibres, and parenchyma : — 

Oheiranthus Cheiri, Begonia. Also many Grassulaceai and Caryophyl- 
laeese. 

7. Wood consisting of vessels, fibres, parenchyma, and time woody-fibres : — 

Colens Macraei, Eugenia australis, Hydrangea hortensis. 

8. Wood consisting of vessels, tracheids, woody fibres, septate fibres , paren- 

chyma, and intermediate cells : — 

Ceratonia siliqua, Bignonia capreolata ; it is, however, still doubtful if 
true woody-fibres are present. 


fromreach other by mechanical or chemical means for use in .the 
manufaetare of ' paper-pulp. The woods which appear to, have 
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been most extensively employed up' to the present time are some 
of tlie species of Abies, Betiiia, PopulusvTilia, and, Liriodendroii 
Tulipifera (in the United States sometimes called '"Poplar”). 
The chemical processes depend (1) upon the solvent power of 
caustic soda iinder pressure, and with he.at, upon the so-called 
intercellular substance which unites the cells, or (2) upon the 
similar power of a siilpliite, preferably magnes'ic, also under 
.pressure and with heat. , ' 

413. Bark. A, Secoiidary liber. Each yearly addition to the 
inner siiriace of the bark is seldom plainly distinguishable from 
those which have preceded it, and hence we cannot determine 
positively the age of an old tree b\’ the layers of its inner bark. 
:The bast-fibres of a single year ■often cling- together in a strik- 
ing 'manner, forming bands or strips- of considerable strength, 
and in a few cases, notably that of Daphne -Lagetta, there are 
.fine meshes between the fibres, so that the inner bark seems to 
be composed of layers of delicate lace.- 

A piece of thick bark of linden macerated for a while in water 
becomes so softened that The younger portion of the inner bark 
can be easily separated into the- annual layers. - Strips of the 
coherent fibres form the; Russia matting of commerce. ' The 
strips often measure 2-3 meters in length, '2- -5 cm. in width, 
and ,04 - .08 ;mm. In thickness. Scattered among the iiidivi dual 
hard-bast fibres there are inanj’ parenchyma cells, some of which 
plainly belong to the medullaiy rays, and others to the fibro- 
vascular bundles. 

414. The bast-fibres, in a few instances., instead of being re- 
tained upon the stem for an indefinite period, are separated early, 
leaving the newer bast exposed. , This is the case with some of 
our species of Vitis, in which the bast .'becomes detached in the 
form of long, loose shreds after the- first year. 

41'5. The ciystals found in bast are'- yery abundant. They 
are chiefly monoclinic, and occur both singly — arranged in 
rows — and in clusters.'^ 

416. The appearance and distribution of the fibres of bast 


^ De Bary gives the following list, taken chiefly from Sanio : — 

Clusters of crystals in bast of Juglans regia, Ehus typhina, Tibiirniim Oxy- 
coccus, y. Lantana, Primus Padus, Piinica Cranatura, Ptelea trifoliata, Ribes 
nigrum, Lonicera Tatar! ca. 

Single monoclinie crystals in bast of species of Acer, and the Pomacem, 
Eobinia, Cladrastis, ITlmus campestris, Berberis, etc. 

Single monoclinic crystals and cinsters in bast of Quercus, Celtis, iEsculiis 
Hippocastaniun, Hamamelis Virginica, Morns, Salix, Fagus, Populus, Oar- 
piniis, Betula, Tilia, etc. 
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are so characteristic in certain kinds of bark that tliej- may be 
used for identification. An example is given below.^ 

417. B, Cork, which has ali'eady been described in part in 
Chapter II., plays a very important part in the structure of older 
bark. Its relations to the cells which produce it, and to the 
epidermis which it displaces at an early period of its growth, will 
l)e plain from an examination of Fig. 117. In its' production 
there are periodic arrests of activity just as in the ease of wood, 
and hence in cork-tissue of firm texture it is possible to detect 
the lines of annual demarcation. When the cork of the cork- 
oak has reached a merchantable thickness (iisuallj- in ten to fifteen 
years), it is removed down to the phellogen, or cork cambium, 
and from this tissue new grow-ths begin. ^ 

1 ‘yrhe hber is traversed by medullary rays, which in cinchona are iMstlv 
very obvious, and project more or leiss distinctly into the middle cortical tissue, 
the hber is separated by the medullary rays into wedges, which are constituted 
of a pareuchymatous part, and of yellow or orange fibres. The number, color 
shape, and size, but chiefly the arrangement of these fibres, confer a certain 
character common to all the barks of the group under consideration. 

The hber-fibres are elongated and bluntly pointed at their ends, but never 
braiiohed, mostly spindle-shaped, straight, or slightly curved, and not e.vceed- 
ing 111 length 3 mm. They are conseiiuently of a simpler structure than the 
analogous cells of most other officinal harks. They are about i to 4 mm. 
thick, their transverse section exhibiting a quadrangular rather than a cireu- 
hu outline. _ Their walls are strongly thickened by numerous secondary depos- 
its, the cavity being reduced to a narrow cleft, a structure which explains 
till buttleuess of the fibres. The liber-fibres are either irregularly scattered 
in the hber-rays, or they form radial lines transversely intersected by narrow 
stops of parenehynia, or they are densely packed in short bundles. It is a 
peculiarity of cinchoua barks that these bundles eon.sist always of a few fibres 
(three to five or seven), whereas in many other barks (as cinnamon) analogous 

bundW Ti-riM'*' Barks provided with long 

un Iks of the latter kind acquire therefrom a very fibrous fracture, whilst 
iiichona barks, from their short and simple fibres, exhibit a short fracture. 

I IS rather granular in Oalisaya hark, in which the fibres are almost isolated 

f a somewhat short 
C arrangement of the fibres in radial rows. In 

V f ^ rather woody frac- 

tue (Tlucfagei aiid Hanbiiry, Phaniiaeographia, p. 317). 

As noticed in 246, the inner layer of cork-meiistein may give rise to paren- 
chyma cells con Of these ceils Sanioiys : 

phvT 1 T pare'irhvmatons ; they are filled with ^hloro- 

the w;n r sometimes with crvstals. They never become liguified, but 
Ss Sin e tT “cllnlose. and, in short, they are tnie cortical 

hnt beh»v ri ^ V *'*5 “"S'" *1“ .activity of the oork-meristein, 

eelW tl,e subsequent development precisely like the 

Sncrtl . f i"’l oork-cortcx cells. When tl^ fom a 
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418. In some plants, notabl 3 " the birch, papery layers exfo- 
liate from time to time, while in some other plants, e. the 
shao'-bark hickory, large strips of irregular form and thickness 
are "detached. Owing to the mode of their formation, such sepa- 
rated pieces may contain very heterogeneous elements. Of them 
.Sachs says:^ hVNot .nn- 
freqiieiitly the formation 
of cork penetrates much 
deeper [than the peri- 
derm] : lamellse of cork 
•arise deep wnthiii the stem 
as it increases in thick- 
ness ; parts of the fuiida- 
inental tissue and of the 
fibro-vasciilar bundles, or 
of the tissue which after- 
wards proceeds from them, 
become, as it ’were, cut 
out by lamelhe of cork. 

Since everything which 
lies outside such a struc- 
ture dies and dries up, a 
peripheral layer of dried 
tissue collects, which is 
very various in its form 
and origin. This struc- 
ture, abundant in Conif- 
ene and in many dicotv- 
ledonoiis trees, is the hark^ the most complicated epidermal 
structure in the vegetable kingdom.’’ 

419. Injuries of tlie stem. The stem, especially in the case 
of plants living mao}^ years, is particularly liable to injuries, the 
most frequent of which are of course the wounds left by the fall- 
ing of the lower limbs. It is proper to treat here of the natural 
repair of such injuries. 

420. When any part of a plant suffers serious mechanical 
injury by wdiieh the deeper tissues are exposed, the surface of 


^ Text-book, 2d Eng. ed., 1882, p. 95. 

Fig 117. Pormation of cork in a branch of Uibes nigrara, one year old ; part of a 
transverse section; e, ei»i(lermis; /«, hair; bast-cells; cortical parencliyma dis- 
torted by tbe increase in tbe tinckness of the branch ; K, total product of the phellogen c ; 

the cork-cells radially in rows, for in ed from c in centrifugal order; plielloderm 
<parenchyma containing chlorophyll formed centripetally from c), (Sachs.) 
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the wound exhales moisture very rapidty, and under ordinary 
circumstances, except in spring, soon becomes dij. As Hartig^ 
lias shown, the drying of the exposed tissues is fatal to their 
component cells, and the organic contents speedily undergo 
chemical decomposition. The products of this decomposition 
have been further shown by him to be fatal to neigliboring* cells, 
and under certain conditions the mischief may progress to an 
irreparable extent. Bnt iisuail}' there is an arrest of the de- 
structive action either from lack of the free oxygen necessary for 
the putrefactive process, or bj^ the protection afforded by tissues 
for repair. Wounds in resinous trees are measurably hindered 
from effecting much damage, owing to the exudation of liquid 
resins which exclude air. 

421. The smaller wounds of a plant are generally healed by 
cork or by callus. 1. By cork. The superficial layer of cells at 
the surface of the wound is destroyed by the injury, and dries 
at once. In soft tissues the layer just below this immediately 
becomes merismatie, and behaves precisely like normal cork- 
meristem, covering the entire wound with a grayish or brownish 
film, which is in luibroken conneetion with the edges of the 
wound. Extreme dryness of the air, or, on the other hand, ex- 
treme humidity, hinders repair by cork. 2. By callus. This is 
best studied in leaves and in •^cuttings.” When a young, juicy 
leaf is wounded by an incision, some of the cells at the exposed 
surface may give rise to elongated sac-like bodies, which fill up 
the greater part of the injured cavit^q and, according to Frank, 
serve as a new epidermis. Or small cells in close apposition 
may be at once formed, and completel}" protect the tissue below. 
In “ cuttings^’ the callus immediately forms a swelling near the 
wound. A portion of the callus ma^^ continued cell-division 
extend over the cut end, eveiywhere bounded on its exposed 
surface by a cork la 3 "er. Activity of the cells in the callus and 
around the fibro-vascular bundles soon gives rise to new parts, 
for instance, roots. 

422. It often happens under favorable conditions that a large 
mass® of tissue is gradually formed around, and finally over, a 
large injured surface. 


^ 2Iersetzimgserselieinuiigen des Holzes, Beiim, 1878. (Quoted by Frank. )- 
® Die Pflanzenkrankheiten, 1879. 

® Usually when a braneb dies it remains attacked for a while to the stem ; 
and no w^ound is in fact caused until the slow desiccation of the deeper tissues 
has gone on to a considerable extent, and wuthout exposure to atmospheric 
tir or outside moisture. When the branch at last falls off, the tissues around 
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423. Lenticels are peculiar breaks in the continuity of the 
periderm of dicotyledons. In some cases they can be detected 
under minute elevations of the epidermis of the first year, which 
•split open either at the end of that season or during the next, 
forming a rift running lengthwise of the stem. Through this cleft 


underlying tissues appear, protruding in an irregular manner, 
the whole structure constituting a lentieel. According to Stahl, ^ 
there are two types of lenticels : 1 . Those with loose cells in the 
rift, alternating with denser lines of cells. This is the most 
common type, good examples being afforded by Alnus, Prunus, 
iEsciilus, etc. 2. Those with closely united cells and with no 
alternating denser lines. Illustrations can be found in Sam- 
bucus (see Fig. 118), Salix, Corniis, etc. The same authority 
states that in winter both of these kinds form an impervious 
periderm-like kyer. It appears from StahFs examination that 
ill their complete and open state they aid in the exchange of 
gases between the interior and exterior of the stem. Klebahn. ^ 


its base are in a liealthy condition, while the internal shaft of wood is dry, and 
not liable to undergo rapid decay. The formation of a separative mass over 
the wood can therefore go on to completion. 

1 Bot. Zeit., 1873. Compare Haberlandt : Sitz. d. k. Akad. Wien, Band 
Ixxii. Abtli. i., 1875. . 

2 Berichte der deiitschen botanischen Gesellschaft, 1883, p. 119. 

Fig. 118, Section tbrongh a lentieel in the periderm of Sambneus nigra: i:, peri- 
derm; r, primary cortex; -y, meristem, above wMcb are the cells therefrom produced; 
6, liber. (Stahl.) 
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lias lately shown that even in stems with the periderm free from 
leuticels, provision for exchange of gases is secured by certain 
intercellular spaces at or near the points where the inedullmT 
rays come to the periphery of the stem. * ‘ 

424. Grafting'. If the cambium tis.sue of a young .shoot is 
retained for a time in close apposition with that of a nearly 
related plant, imioii of the two parts may take tilace. and the 
wound may heal by the natural process before described. Sue- 
cesss in this operation depends upon selection of suitalile stock 
and scion, choice ot the proper season, freshnes.s of the cut sur- 
faces, and, generally, exclusion of air from the wound. The 
methods of bringing the surfaces of the stock and scion together 
in this operation of grafting are innumerable, but for the”pres- 
ent purpose may be referred to two principai types ; (1) that iii 
which the scion, wholly separated from the plant on which it 
glow as a branch, is placed in .some sort of a cleft of the plant 
which is thenceforth to furnisli it with nourisliment ; (2) that in 
which the scion is still retained in its connection with the parent 
plant, but is bent over and a freshly cut surface kept in contact 
with a cut surface of another plant, until the scion has fairlv 
become attached by organic union. ■When this is accompli, sheri 
it is cut oif from the parent plant. Tills type of graftiug, in its 
many varieties, is known as '• aiJiiroach grafting.” It takes place 
in nature, as shown in the following paragraph. 

425. Ino branches of one plant may become united when, 
after removal of a section of bark from each, the two denuded 
surfaces are kept in apposition for a time. Such unions of axial 
organs are not rare. Occasionally they may take place between 
two shoots at a point near the root, so that the trunk will ulti- 
mately consist of a single deeply grooved stem. The union ma^' 
be between two plants of the same species, or even between 
plants of different species. The, attrition of two branches which 
have grown against one another may snfHce to wear off the bark 
on both clown to the cambium, and then, if their exposed surfaces 
are held together for a while, union will follow. Such natural 
grafts are met with frequently at the borders of forests. 

426. In the kindred operation of budding, a bud with a little 
of the tissue behind it is placed in a cleft in the bark of the 

stock, so that the cambium layer of the two mav come into close 

contact. . , " 

427. The stem may be invaded by parasitic roots at any part, 
and Its subsequent development seriously affected thereby.' Such 
invasions often give rise to swellings, distortions, etc., by which 
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the striictiire of tile stem becomes much disguised. In the case 
of parasites like Phoradendron, which live for several I’ears, a 
vertical section tliroiigh the stem of the host-plant shows how 
complete the union is betw'een the host and parasite. The junc- 
tion has been w^ell compared to that which takes place between 
a scion and its stock, since the iiewer-formed tissues of both 
plants become perfectly united, and their subsequent grow-th 
goes on , together. 

428. The relations of the root to the stem are not complicated, 
except as regards the bundles at the crown” of the root, or the 
point wdiere it meets the stem. When the primaiy structure of 
dicotyledons in •which the liber of the root is arranged in one 
wa}" and that of the stern in another, as shown in Figs. 92 and 
112, pages 111 and 137, is followed bj" the formation of a true 
cambium ring, the subsequent growth of root and stem is alike. 
Yearly additions are made in the root in the same way as in the 
stem; but owing to the unequal resistance exerted by the soil, 
such increments are often very irregular. 

Roots limy be produced at any part of a stem wdiere adequate 
moisture and ivarmth are furnished; but they strike off chiefly 
at nodes, and, in the case of cuttings, also at the seat of injury 
where the callus is formed. Such secondary roots form on stems 
ill much the same manner as root- branches do upon roots. 

429. lliidtiiieiitary aiui traiisforiiied branches present few ana- 
tomical difficulties. In the structure of a branch tendril, or 
runner, it is generally easy to recognize the degree of reduction 
wdiich the normal fibro-vascular system lias undergone. In the 
case of undeigToiiiid sterns and branches there are often puzzling 
anomalies, but they can mostly be explained by the following 
facts brought out b}" Costantin,^ who has made a special study 
of a large number of rhizomes: 1. The epidermis, if present, 
is modified ly becoming cuitinized first on its outer walls, wdiere 
it may acquire considerable thickness, and later on its lateral and 
internal walls. 2. The cortex increases either b}" enlargement 
of its cells or bj’ their multiplication, the colleiicliyma diminish- 
ing or completely disappearing. 3. A cork-layer is sometimes 
produced at an early period, from different points in the epi- 
dermis, in the cortical parencliynia, in the endodermis, in the 
peripheral layer of the bundles, or, lastly, in the liber. This 
replaces to a great extent the fibrous layer wdiich is so com- 
mon in aerial, but never much developed in underground stems. 



1 Ami. des Sc. iiat., ser 6, tome xvL, 1883, p. 164. 
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The cortex is developed largely at the expense of the nith 


r rni . t ' 1. 1 .. ^ K/i Lily {JllO, 

0 . Ihere is only slight lignifleation of the elements. 6. There is 


a great accumulation of reserve materials. 

4o0. Ihe relations of a branch to tlie main axis of the stem 
seldom present any histological difficulties, the tissues of the 
former being continuous with those of the latter. When a 
branch breaks off close to the stem, and the portion remainiucr 
becomes buried by stem-tissues which are subsequently produced'’ 
a A.‘«.o?5 is formed. " ^ 

431. Stems of vascular cryptogams. » The following outline 
indicates the principal points of difference between the stems of 
Ihmnogams and those of Ferns, Equisetacem, and their allies 

I. In vascular cryptogams the flbro-vascular liundles are 
closed and as a rule are concentric. 1. In Equisetuni they are 
slender and are arranged in a circle. From the median line of 
each tooth of the “sheath” (see Gray’s Manual) a ffisdcle de- 
scends perpendiculai’ly through one internode and divides at the 
one below into two branches, wliicli unite with the lateral ones 
next to them. 2. In Osmiindacem the arrangement of the con- 
stituent parts of the central c.ylinder is not unlike that in certain 
Comferm. 3. Lycopodiaeem have the Imndles largely dependent 
upon the arrangement of the leaves, but the axial cylinder is 
essentially cauline. 4. Ferns proper may have (a) an axial cd’lin- 
der, or (d) several eoneentrically curved bundles. In either kase 
there may also be isolated and rather slender bundles. In both 
cases above mentioned the bundles coalesce to form a very eom- 
phcated network, which apparently is not dependent for its char- 
acter upon the distribution of the leaves upon the stem. 

II. In vascular cryptogams the parenchyma in certain places 
ma\ become largely sclerotic, forming dense and often brown 
doimated*^ constituent cells of which are sometimes considerably 

III. The epidermis in Eqnisetaeeae is strongly silicified The 
stomata m these plants arc in the grooves ; their development is 
pecuhai in that from one epidermal cell four guardian ceils are 
formed m one plane; hut soon the two outer colls grow more 
lapidly and crowd down the two inner ones, so that the latter 
ate wards become di-stmctly below them. The epidermal cells 

ot herns frequently contain chlorophyll granules. 

true fibro-vascular bundles 
are met with, but elongated cells fill their place, forming what 


^ De Bary; yergleichende Anatoraie, p. 289 ci! sey. 
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has been termed a fascicle. Comparison of these threads — if 
such they can indeed be called — with the rudimentaiy fibro* 
vascular bundles of sonie water-plants ' suggests that the former 
are bundles of the simplest possible kind. 

The parenchyma cells are bounded in true mosses by smaller^ 
thicker- wailed cells, which do not contain chlorophyll. ' 

THE LEAF. 

433, It was shown in 322 that roots are formed under the 
superficial tissues of the stem, and have these outer layers, or 
derivatives from them, as coverings during at least a portion 
of their growdli. But leaves are never thus covered by layers of 
stem-tissue ; hence they are termed exogenous productions, 
while the term endogenous is applied to the manner in which 
roots are formed. 

434, Bevelopmeiit® In the earliest stage of its development 
the leaf is a mere papilla consisting of nascent cortex (periblem) 
and nascent epidermis (dermatogen). As soon as the papilla 
elongates, or becomes tlattenecl, some of its interior cells, making 
up procambium tissue (see 315), differentiate into fibro-vascuiar 
bundles. But the proeambium of the nascent leaf and that of 
the cone of soft tissue constituting the growing-point of the 
stem are in unbroken connection with eacli other ; in like man- 
ner the bundles which are derived therefrom are continuous, and 
it is not possible to detect any line of demarcation between them. 
In fact, the newly formed bundles in a young leaf appear as if 
they are merely the slender prolongations and terminations of 
those in the ymiing stem. ^ 

435, With the transverse and longitudinal enlargement of the 
nascent leaf there is generally more or less curvature, so that 
the outer, lower, and earlier leaves infold the upper leaves and 
the growing-point of the cone. In most cases, some of the 
lower leaves which thus envelop the growing-point become modi- 
fied to form protecting scales ; such is the ordinaiy structure of 
buds (see Structural BotanyW page 42, fig. 83). 

^ It should be remembered, however, that some of the bundles in the stem 
(see 365) may he derived from procamhiura peculiar to the stem, and which 
does not extend into the leaf. Hence it is necessary to distinguish between 
stem-hundles, common bundles, and leaf-traces. The former belong to the 
stem alone ( the common bundles are common to stem and leaf; the leaf-traces 
are leaf-bundles which are in the stem and which at some point unite with 
other hiindles of the same kind to form common bundles. 


i: i 
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436. The growth of the young leaf is plainly terminal at first 
— that is, new cells are added just in front of the older ones- but 
it soon becomes intercalary as well, new cells being introduced 
between those previously existing. According to the seat of 
activity, this growth maj- be basipetal (the zone of growth beino- 
near the base of the leaf-blade) or basifugal (the zone nearer 
the apex of the leaf). In most eases the base of the leaf-blade 
and the stipules early attain a good degree of development, after 
which the petiole appears. 

For the purpose of noting the peculiar mode in which the leaf- 
blade expands, the simple device suggested by Hales i is perhaps 
as good as any. Through a piece of stiff pasteboard sharp pins 
aie thrust, and fastened at equal distances from each other ; for 
instance, so as to foi-m little squares of | inch side. By this sim- 
ple instrument a young leaf is pierced through with holes at equal 

distances ; then if the leaf elon- 
gates more tiuin it widens in the 
space thus covered, the holes will 
separate in the direction of the 
length of the leaf more tlian in that 
of its width. The injuiy done to 
the leaf b 3 ’ these small perforations 
does not appear to check or other- 
wise much moclily its growth. 

437. Fibro-yascular buiKiles* 
The distribution of fibro-vasciilar 
bundles in leaves has been con- 
sidered in Vol, I., under Vena- 
tion.” The two principal tj^pes of 
distribution of the bundles, there 
spoken of as ‘‘veins ” or “nerves,” 
were shown to be (1) parallel, 
(2) reticulated. Parallel venation 
(see Fig. 119) is characterized 
having large ‘ ‘ veins ” or ‘ ‘ nerves ” 
running free through the leaf (that 
is, not connecting wdth each other), 
or without any obvious anastomo- 
sis; while m . reticulated venation 
the veins form a more or less com- 
plicated network. 

^ Statical Essays, vol. i., 17SI, p. 344. 

Fig. 119 . Venation of the leaf of Convallaria latifolia. (Ettingshansen. J 




VENATION OF LEAVES, 


438. Parallel venation is of two 
principal kinds : (1) that in which 
large nerves run in long curves 
from the base to the apex of the 
leaf ; (2) that in which smaller 
nerves run generally at right an- 
gles from a main nerve (or midrib) 
to the edges of the leaf. In both 
these kinds of parallel venation 
the veins are more or less con- 
nected by means of inconspicuous 
cross-veinlets and by the anasto- 
mosing extremities, but some of 
the veins may be free. 

439. Reticulated venation is 
likewise of two principal kinds : 

(1) palmate (Fig. 120), in which 
relatively large veins diverge from 
each other at the base of the leaf ; 

(2) pinnate (Fig. 121), in which 


Pi0. 120. Venation of the leaf of Asarum Europsenm. (Ettingshausen, ) 
Fig. 1 21. Venation of the leaf of Salix grandifolia. (Ettingshausen . ) 
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side veins strike off through the whole length of a strong midrib. 
In both these cases the veins divide and subdivide and have 
numerous cross-connections both large and small, until the ulti- 
mate ramifications are in great part free. 

440. Thus it appears that in both types there is abundant 

communication between the veins of leaves ; but in some cases 
especially in rudimentary and submerged leavesi in the leaves of 
Couiferm, etc., the veins are very generally free, and few if anv 
cross-veinlets are met witli. ^ 

441. The fibro-vascular bundles of leaves are essentially like 

those ot stems (see 365), and need no special description here 
Their extremities are for the most part tracheids, often arraimed 
in double rows, but their diversities of sti'ucture and arraii^e- 
inent are innumerable. One of the more striking special eases'^of 
these^ has been already shown in the illustration of a wmter-pore 
S’ considered later (see “Insectivorous 

1 lants )_. The tracheids which terminate the final ramifications 
01 the veins m leaves are in close contact with parenchvma cells 

442. According to Casimir De Candolle, the leaf may be re- 
garded histologically as a branch with its upper, that is its 
posterior, side atrophied.^ 

443 The stipules have the same arrangement of elements in 
their hbro-vaseular bundles as the blade, - that is, liber below 
(outside) wood above (inside). Butin ligules (organs which are 
formed by r.adial deduplication) the arrangement is just the 
reverse of this, —the liber is above, the wood below. 

444 Parenchyma. The forms of the parenchyma cells which 
constitute the pulp of leaves are: (1) spherical or nearlv so; 

( ) ellipsoidal, sometimes much elongated ; (3) branched, some- 
tunes stellate. Examples of these three are often met with in 

e structure of a single leaf; the upper layers generally being 
composed of ellipsoidal cells, the lower layers of more nearly 
sphei icalr^ones, intermingled with some which are branched. 

of the parenchyma of the leaf-blade 

^hSiTlif 1 ^' chief types: (1) the centre, in 

cl the chlorophyll parenehj'ma is uniformly disposed through- 

Xiori ° organ; (2) the bifacial, in which there is a de- 
cided difference between the compact tissue of the upper and the 
spongy tissue of the lower side of the leaf. 


p. umversene, 1868, tome xxxii. 

^ ^ posteneure atropliiee,” 

Vergleichende Anatomie, p. 423. 



pabenchyma of the leaf-blade, 


446, The centric arrangement has two modifications : (1) that 
in which the whole pulp is composed of chlorophyll parenchyma, 
but towards its mid- 

low a middle la^'er 122 

of colorless cells free 

from chlorophyll, but, in succulents, very rich in sap (Aloe, 

Mesembry anth emmn , 

part of the leaf which 
is exposed to the 

light. This usuallv consists of several la\^ers of palisade paren- 


PiG. 122. Leaf of Piims Laricio, Cross-section of a part of tM leaf, snowing the 
stomata, liypoderma, and pareiicliyma. The folded walls of the parenchyma-cells (see 
208) are plainly shown in the cells below the resin-passage (//C), where they have been 
emptied of their contents. (Kny.) ■ m 

Fia. 123. Transverse section of a leaf of Ilex Aquifolintn, showing arrangement of 
the parenchyma:\pj?. palisade parenchyma ;j?c, spongy parenchyma; 7i, hypoderma; 
la, fibro-vascular bundle. Stomata are found only upon the lower surface of the leaf. 
(Areschoug. 
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clijma; but the aggregate thickness of these may not he «« 

parenchyma on the other side of 

^ 448. In some plants the palisade parenchyma is found almost 
as abundantly m the under as in the upper portions of the 
leaves. Lessey ^ has shown that this is the case i.i the leaf of the 
Compass plant ( Silphmm laciniatum) : Its chlorophyil-bearino- 
paienchyma is almost entirely arranged a.s palisade' ti.ssue so 
that the upper and lower portions are almost e.vactly identical 

iistiuctuie. ^ Another plant possessing substantially the same 

leat-structure is Lactuca Scariola. When its leaves are o-rown in 

and ?onthV 'bS / stand north 

and south) , but if grown in the shade, they are horizontal 

The leaves which are developed in the light have palisade paren- 
chyma on bo h the upper and under portions ; ^ but those Si 
are developed in the shade have ordinary parenchyma above 
and more or le.ss stellate parenchyma below. 

^ 449. -^^ccording to .Stehl,=> exposure of a leaf to light or shade 

dmnig dcwelopment has very iimoli to do-in theVants S 
L e.xaniined _w,th the foirni and arrangement o/ its pareS 
chynia. Pile leaves of the common beech afford good rniterial 
tor the study of the subject. In some eases, at least those 

foSSfr ‘^‘ff'^reiit in 

^ formed in bright smiiiott. 

thatSf much like 

walkd collencliyma sometimes extending without interruption 
from the stem nto the petiole. In the pttioles of CvSds'scre- 
otie elements like those of the stem are often abundant, and are 

continuous with them> aie 

451. In some leaves which have the power of movement the 

the pulviims. The parenchyma of this structure is sometimes 

^ d thin.\^nlled on the under. Other peculiarities will be de- 
scribed under ‘‘ Movements.” 


^ See also American Naturalist, 1877. 

8 Botenisehes Centralblatt, 1882, vol. xi. p. 441. 

die AU-I,imJS 

- con. 

Kraus : Pnngsheim’s Jahrb,, 1865, vol. iv. p. 305. 



EPIDEEMIS OE THE LEAF, 


452. Tlie epMeriiiis of the leaf is coutinuoiis with that of the 
stem. Its principal features have been described in Chapter II., 
and only the following need now be recalled. 1. It may be 
simple, that is, composed of one layer of cells; or multiple, — 
of more than one. 2. Immediately below it may be found in 
some cases one or more ia^’ers of 

cells known as the hypoderma. 

3. The epidermal cells are in iin- ■ 
broken contact with each other 
except at (1) rifts, (2 ) water-pores, 

(3) stomata. 4. Their surfaces 
in^ exhibit nearly every form of 

453. Glands secreting nectar 
are found on different portions of 
the leaves of various plants; for 

example, at the junction of the ^ 

petiole with the blade (Poplar), 

at the base of the petiole (Cassia 

occidentalis), on the lower side of 

the midrib of the leaf (cotton- 

plant) , or scattered over the lamina 

(turban squash). . Such glands are 

particularly noticeable in iiisec- 124 

tivorous plants, as Sarracenia and 

Nepenthes (see Part II.). On making a section of one of the 
nectar-glands found on a young poplar leaf, the epidermis will 
be seen to be transformed into a double la 3 ^er of thin-wailed, 
elongated cells forming the secreting surface, which is charged, 
together with the parenchyma lying below it, with a syrup de- 
rived from the transformation of starch. At times the secretion 
from a gland is so abundant that drops of considerable size 
collect upon the surface of the leaf, and if rapid evaporation 
takes place, crystals of sugar are deposited at the gland. ^ 

454. The leaves of submerged phjenogams, for example those 
of Potamogeton and Myriophy Hum, possess no true epidermis; 
the parenchyma is therefore in direct contact w^ith the siirround- 


^ Trelease : ISTectar and its Uses, in R.eport on Cotton Insects (United States 
Department of Agriciiltnre, 1879), and Hectar-Glands of Popuhis, Botanical 
Gazette, vol. vi p. 284. 

Fig. 124. Transverse section throngli leaf of Camellia (Thea} viridis, showing: a 
epidermis; 5, branched liber-cell ; oil-drop ; e, crystals. (Mirbel.) 
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ing water. On the external surface its thin-walled cell <5 o,.n • 
close eontact (there being nothing answering to stomata) • bin 
in the interior of the leaf there are often lacume filled 2h S 
These were thought by Brongniait to be essentially the same as 
those cavities found m the parenchyma of many misli plail 
llie veins of submerged leaves have no true ducts * thA 
gted fascicles generally consisting merely of rows of elongated' 

455. Boots may be produced from leaves in mnni, 
way as they are from stems; that is, some of the ceUs a^th^ 
liber may divide in such a manner as to form nr n* 
whi* p„.hes before It . part tbe e„doaemle.‘ 
thus foimed emerges, the tissues are speedily produced the wonril 
being continuous with the wood of the leaf tlio n ’ • 7 ^ 

libor Itoob, rea, ante .atau) 

ing them in eontact with moist e^irth ap i ^ ^ piuc- 

«iMaiiy bj „.«i.ti„„ 

ealycimim alfoixls a good example of the former Eeoonir 
Peperomia, etc., of the latter mode of origin. ’ 

4o6. Buds may form spontaneously on the mnro-in a-p Ia. . 
especially those in eontact with a moist surface Tir thev 

Edl”” “ »">Mi«te<i leif h2 

Tr ■*- ‘te ~ :,rdiS‘ 

or the tdls under the sear may produce all the axial tissue el7 
ments. Begonia is an example of the first metimfi nv 
Bi^mphyllum of the second, Peperomia of the LiL. 

it IS interesting to observe that in all these asqac 1 

witta. .he m«o,, of .he hhreis “pS SwebUe”: 
newy oirned axis has fibro- vascular bundles, which m^v 

fmtn^ii deciduous plants the leaf separates 

from the stem or twig by the formation of a plane of Ss ' 

dividing plane may be partially formed early in the growing 


by MoM the .epaiutive layer (Botanisohe Zeitung, 1860, p. 1). 






■FALL OF THE LEAF. 


seasoiij but geiierallj it is not far advanced in development until 
near the end of siinimer. The leaflets of the larger compound 
leaves — for instance, those of Ailanthus, Grymnocladus, Ju- 
glans, etc. — afford excellent material for examining the process 
of defoliation. Strong leaves of any of the plants mentioned 
are to be kept between damp (not wet) paper In a warm place 
for a number of hours, when the formation of the dividing plane 
can be observed. The plane is so far completed by the end of 
the second or third day that the leaflets fall with the slightest 
touch. 

459. The strong leaves of horse-chestnut are employed by 
Strasburger as material for demonstrating the process of defolia- 
tion. He says that alcoholic material answers very well for the 
purpose, but that it happens occasionally that the distinctive 
brown color of the cells adjoining the cutting plane is nearly or 
quite lost. The petiole is to be cut through in its median line, 
and then several very thin longitudinal sections pax’allel to this 
are to be carefully made and placed at once in water. In a good 
preparation the cells making up the cutting plane should be 
clearl}^ seen extending from the epidermis of the petiole to the 
fibro-vascular bundles. If the leaf was taken at just the right 
time, the preparation should show also that the cutting plane 
has invaded even the tissue of the fibro-vascular bundles. The 
plane consists of one to several la^’ers of cells, some of which 
are plainly cutinized ; thus, as a rule, the place of separation is a 
sear healed before the leaf falls. 


1 “The provision for the separation being once complete, it rec|iiires little 
to effect it ; a desiccation of one side of the leaf-stalk, hy causing an effort of 
torsion, will readily break through the small remains of the fibro-vascular bun- 
dles ; or the increased size of the coming leaf-bud will snap them ; or, if these 
causes are not in operation, a gust of wind, a heavy shower, or even the 
simple w^eight of the lamina, will be enough to disrupt the small connections 
and send the suicidal ineniber to its grave. Such is the histoiy of the fall of 
the leaf. We have found that it is not an accidental occurrence, arising simply 
from the vicissitudes of temperature and the like, but a regular and vital pro- 
cess, which commences with the first formation of the organ, and is completed 
only when that is no longer useful” (Dr. Inman, in Henfrey’s Botanical 
Gazette, vol, i p. 61}. ' 
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surface of the stem ; but it may occur a little iiiglier up, so that 
some of the petiole remains attached to ' the stem ^ (Eiibiis, 
Oxalis, etc.). 

461. Evergreen leaves are those which remain upon the stem 
without much apparent change during at least one period of 
suspension of vegetation. The leaves of some evergreens per- 
sist through only one year, falling off as soon as those of the 
succeeding year' have fully expanded. It is not uiiusiial in warm 
temperate climates to' have trees and slirubs which are norm all}' 
clecidiioiis in colder regions retain their leaves until iie-w ones 
are produced. 

Pines and spruces lose some' of' their oldest leaves every jmar, 
but new ones are as regularly., formed. Their branches are never 
coiiipletel}' defoliated, but . may bear at one time the leaves which 
have been formed during several years. 

462. The colors assumed by leaves before they fall can be 
better examined after the subject of the pigment of chlorophyll- 
granules has been treated in Part IL 

463. The fronds of ferns and the leaves of their allies present 

few peculiarities, and .do not need to be here examined.. The 
formation in ferns of the sori^ or spore-dots, the sporani/ia^ or 
spore-cases, and the ' themselves falls proper!}' within the 

province of Yolume III. 

464. The leaves of mosses are characterized by great sim 
plicity of structure. For their study any of the species of Poly- 
trichum, or Hair-cap Moss, will , answer. In these there is' no 
true fibro- vascular- bundle ; ■ a series of somewhat elongated and 
rather firm cells, known as the. conducting thread, takes its place. 
Upon this conducting thread, the parenchyma ceils are distributed 

■ more or less regularly,, on ■ one side forming slender elevations 
four or five cells in height. The cells contain chlorophyll, and 
generally much starch.^ 

465. Ill the thallophytes ■ there is no clear distmctioii of leaf 
and axis ; the tissue , consists throughout of parenchyma more or 
less modified. In some 'algm there' is often a lateral parting of 
the frond into segments: resembling leaves ; but as they are not 
leaves morphologically, they need no further consideration here. 


^ For full and interesting accounts of the changes which cause the fall of 
the leaf, see Mohrs paper in Botaii. 2eituug, 1860, p. 1, and also yaii Tieghenl 
and Guignard in Bull. Soc. hot. de France, 1882. 

2 In Strashiirger’s Botanische Practicum, p. 304, the student will find a 
full and interesting account of the structure of the leaves of Poly trichum and 
Mnium. , 
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In tlie examination of the tissues of the organs of vegetation 
the student is referred to the following works : — ; 

Be Bart. Yergleiehen tie Anatomic (Leipzig, 1877). An octavo volume 
of about 660 pages, of which an excellent English translation is newly piih- 
lished under the title, “ Comparative Anatomy of the Vegetative Organs of 
Plianerc)gams and Ferns,’’ by A. Be Bai'y. Translated hy F- 0, Bower and 
D. H, Scott, 1884. This exhaustive treatise gives all needful references to 
the literature of the subject up to 1876. 

Mohl, Vermischte Sehriften. This is a collection of Hugo von Mohl’s 
most important works, which have appeared from time to time in various 
journals. 

Strasburger. Bas botanische Practicum (Jena, 1884). This work, of 
which an English translation is promised, is of very great use both to beginners 
and advanced students of Histology. The directions for procuring, preserving, 
and using material are explicit, and for the most part are conveniently ar- :! 

ranged. The voluine, of more than 600 pages, is divided into separate studies, '' 

such as the structure of the bast and wood of the pine, the anatomy of a few .i 



! 



common leaves, etc. 

Oliver. Bibliography of the Stems of Dicotyledons (Natural History Re- 
view, 1862 and 1863). A citation of the more important works on the stems 
of diiierent dicotyledons, arranged according to the natural families. 

For a treatment of the anatomy of the organs of aquatics and parasites, the 
fully illustrated work of Chatin -may be consulted. 

Those curious to examine the diverse and now mostly abandoned views 
regarding the growth and structure of the stem, will find much of interest in 
the works of Du Petit Thouars and of Gaudichaud. An account of these and 
other views will be found in Schleiden’s Piinciples of Botany” (1849). 
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CHAPTEE IV. 


MINUTE STBUOTUEE AND DEVELOPMENT OE THE 
FLO WEE, EEUIT, AND SEED. 

THE FLOWEE. 

466. In Volume I. Chapter VI., it lias been shown that a 
flower is to be regarded as a modifled branch with very short 
interiiodes and with the foliar expansions assoiuing forms unlike 
those of ordinary leaves. In the outer circle — the cal3’'x — the 
parts have frequently the texture and color of foliage ; but in all 
the other circles of the flower the3^ are notably metamorphosed. 
Notwithstanding their disguises, the parts of the flower are iden- 
tifiable as leafy structures arranged upon an axis. On the care- 
ful examination of flower-buds the homologT between all their 
parts and those of a leaf-bud becomes evident. In fact, in tlieir 
earliest state it is impossible to discriminate between these two 
kinds of bods. Each has a rounded or cone-like extremity, 
upon wdiicli are disposed at deflnite points the papilke which are 
to develop into foliar organs. In one, these papilhB become 
green leaves ; in the other, the parts of a flower. 

467. Two features in the development of flowers require 
special attention ; namely,- the sequence in which the organs are 
prodiKjecl, and the order in which the histological elements make 
their appearance. But it is not well in any given case to under- 
take the examination of the development either of the organs or 
of the tissues which compose them, until the student has made 
himself familiar with the characters of the full-grown flower. 

468. Undeveloped racemes afford tlie best material for the 
stud}^ of the developing organs of the flower, and it is generally 
possible to find in a single 3^011 ng cluster flow^ers in all the earlier 
stages of development. There are two good methods of pre- 
paring the material for the compound microscope : (1) the whole 
raceme, first decolorized bj^ absolute alcohol and then softened 

is to be dissected under a simple lens, and the sepa- 
rate flowers are to be bleached with sodie lu’poehlorite ; or (2) the 
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ver}^ tip of the raceme is to be, cut squarely- across and ' placed, 
with a drop of water under a cover-glass, when some' of the ,3'oung- 
est flowers can be seen either standing vertically or slightly in- 
clined. The air can be drawn ■ 

the median line ; and then, ■ 125 - 

arranging the sections ^ in 

their proper sequence, clear them for examination either hy the 
use of potassic hydrate (as directed in.- 24 )', or .by the .following 

method, recomraeiided hy 8tras- 
a: st,n burger as applicable to man V cases 

of, thick masses of soft tissues : 
Treat the part first with absolute 
alcohol for a day or two, .and then 
NSwujoH place it in concentrated carbolic 

acid, after which it becomes clear. 

YV ^ For the carbolic ackfei tiler of the 

126 following nw be substituted, — 

(1) three parts of oil of tiirpen- 
tine and one part of creosote, or (2) equal parts of alcohol and 
■creosote. 

By any one of these^ methods it'is generally possible to: obtain 
preparations of suffleieiit clearness ■■ to . exhibit in optical section 
all the internal tissues,. ' , ^ 


^ Pfefier advises that the young flowers should first be tinged with aiiilin 
blue, and then imbedded in a strong solution of gum-arabic (to whieb a little 
glycerin has been added to prevent brittleness of the mass on drying). Tlieii, 
when the gum is dry, sections can be easily cut in any direction. 

Pio. 125. Lysimachia quadiifolia. Flower seen from the side, and somewhat ob- 
liquely, tlie calyx being removed. At this period the parts of the corolla have not 
coalesced : sj?, place where the excised sepals were; />, petal; .<?#, stamen, (Pfeifer.) 

Pig. 126. Lysimachia quadritblia. Thin longitudinal section through the median 
line of a flower, in which the organs are beginning to form. Before the sinuses of the 
■calyx, as well as before its lobes, cell-division has taken jdace on ail sides ; for instance, 
at 71, and a;. (Pfeifer.) 
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4 7 0, Tlie fully grown flower of Lysinmcflia qiiadrifolia is thus 
characterized : Calyx hypogynoiis, deeply 5-parted, the lobes 
valvate or very slightly imbricated in the bud ; corolla Ii3l30gy- 
nous, wlieebshaped, and deepl}- 5-parted with hardly any tiibcj 
its lobes coiwolute ill the bud ; no teeth between the lobes of the 
corolla ; lobes of the corolla longer than the narrow lanceolate 
lobes of the calyx ; stamens of unequal length, plainh' united at 
the base, inserted opposite the lobes of the corolla, glandular ; 
anthers barely oblong ; ovaiy one-celled, surmounted b}’ an un- 
divided style and stigma, and containing 10-15 ovules on a 
central placenta. 


Fig. 126 shows the appearance of a very young flower of this 
St species ; on the rounded 

^ OJ' somewhat flattened 

apex of the axis minute 
elevations are seen, the* 
g outer being the nascent. 

sepals. Fig. 127 shows 
the flower in a more acl- 
vanced stage. Fig. 128- 

the right, in a still more- 
advanced condition. 

exhibits all the 
organs of the flower, sO' 
129 far as they can be shown 

Fia. 127. Lysimachia quadrifoUa. A longitudinal section through a flower some- 
what more advanced than in Fig. 126; the letters are the same as in Fig. 128. (Pfeifer,), 

Fig. 128. Lysiraachia qiiadrifolia. Longitudinal section through an elevation which 
is considerahly advanced before the appearance of the petals: st, stamen; ?i, cells 
where the petals will appear. (Pfeffer.) 

Fig. 129. Lysimachia qiiadrifolia. A longitudinal section through a flower in which 
all the organs are well developed, and even the parts of the ring by which the corolla- 
lobes are to coalesce have begun to grow : sp, sepal ; p, petal, or corolla-lobe ; $t^ stamen ; 
g, ovary ; c , placen ta ; sp. u, and p. u, the tissue uniting the parts of the calyx and corolla, 
respectively. (Pfefler.) 
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ill a single longitudinal section. Comparison of these figures 
gives a clear idea of the sequence in which the organs make 
their appearance; namely, in acropetal succession, — that is, 
the younger or newer are ahvays nearest the extremity. 

471. According to Paj’er, the sepals always precede the petals, 
the petals the stamens, and the stamens the pistils, in time of 
appearance. But in a few cases, of which Lysimachia is one, 
it ma}- happen that a given circle of organs is somewhat de- 
la^^ed in forming; for instance, in the figures the stamens are 
seen as considerable protuberances before the petals are clearly 
outlined. This fact has been considered by some to indicate 
that the corolla in such cases consists of an intercalated whorl 
between two other whorls already somewhat developed. But a 
careful examination of Lysimachia and most other cases shows 



rather that the petals or the corolla-lobes are laid down in their 
proper sequence, but that they are temporarily outstripped by 
the sepals and the stamens. 

The appearance of the forming flower when seen in vertical 
section is shown in Fig. 130, and a perspective view is given 
in Fig. 125, exhibiting the late-appearing petals and the much 
larger stamens. 

472. Since the several organs of the flower are modified 
leaves symmetrically arranged on an axis, the histological con- 
stituents of a leafy branch will be found in the flower, albeit 
much modified in some of their characters. These constituents 
are, (1) a framework of fibro-vascular tissue, upon which is 
extended (2) parenchyma, covered by (3) epidermis. 


Fig. 130. Lysimachia quadrifolia. Longitudinal section through a flower in which 
the corolla is just appearing. The elevation on the right has been cut through exactly 
in the median line, while that on the left has been cut on its edge. Letters the same as 
in Fig. 129. (Pfeifer.) 
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473. The fibro-vasenlar bundles of the flower are esseiitiallv 
the same as the collateral bimclles found in ordinary o-roen 
leaves, except that their elements are usually more delictrte in 
texture, and in the inner whorls of organs very much reduced 

474. The parencliyaia calls for no special remark beyond allu- 
sion to the fact that some one of the different kinds of internal 

glands is frequently associated with it. 

475. The epidermis has stomata, — which are generally rudi- 
nientary, — and most of the forms of trichomes. One of the most 
interesting peculiarities of structure presented by the parts of 
die flower is found in the papillar outgrowdhs alluded to in 222. 
Th(3se are of course minute and short hairs, which, owiim to 
theii abundance, impart a velvety appearance to the part on 
which they occur. This appearance is well shown by the j^etals 

ot a very large number of the flowers most common in cultiva- 
tion. 

476. The cuticle of the epidermal cells of the more delicate 
petals m sometimes very distinctly striated in an irregular man- 

walls ot the cells generally have a sinuous outline. 

477. The colors of petals .and other colored parts of the 
flower are dependent either on the presence of corpuscles 
(the colored plastids) or of matters dissolved in the cell-sap. 
llie following account of the coloring-matters in the very com- 
mon Viola tricolor is condensed from Strasburger. 

A vertical section through a petal exhibits the epidermis of the 
upper side as consisting of elongated papilhe, while that of the 
lower side has only slightly rounded ones. Just below the epi- 
dermis ot the upper side there is a layer of compact cells, under 
which are several rows of smaller cells with conspicuous inter- 
cellular spaces. The cells of the epidermis of both sides contain 
1 10 e sap and yellow granules ; the laj-er of compact cells Under 
tie epidermis of the upper side contains only yellow granules, 
i. he striking diversities in color presented by different parts of a 
given petal depend wholly upon combinations of these two ele- 
ments of color; namely, violet sap and yellow granules. In 
some places which are devoid of either of these elements there 
are white spots; at these places the light is refracted and re- 
flected by the intercellular spaces which contain air. If the air 
IS removed by pressure, the spots will become transparent. 

478. The cell-sap in the parts of the flower may have almost 
any color, especially shades of red and blue ; from this sap the 
colonng-matter sometimes crystallizes in the form of short and 
slender needles ; for instance, in Delphinium Gonsolida. 



BEVELOPMENT OP STAMENS. 


479 « DeYelopiiient of tlie stamens. The following outline may 
serve as an introduction to the study of 

the development of the stamens. At 1 cm 

first, the stamen exists as a mass of 

homogeneous parenchyma ; later, a del- 

icate fascicle, continuous with one in the 

filament, becomes differentiated in one 

part of the stamen, the connective. Four 

longitudinal ridges appear on the an- 

tlier, which coincide with four lines of 

large cells within. These cells give rise 

to the mother-cells of the pollen and to 

the very delicate pollen-sac.^ 

480. The mother-cells of the pollen 
have at first thin walls, but later these 
become irregularly thickened. In a 
large number of cases — many mono- 
cotyledons, and most if not all dicoty- 
ledons — the nucleus of a mother-cell divides into two nuclei, 

which themselves divide 
^ ^ D at right angles to the 

plane of the first division, 
four nuclei 
^ tetrahedron. 
C^ll-walls are next formed, 

duced, w’hich are called 
4 After the 

^ ^ mother-cells of the pollen 

have been changed into 
(j tetrads, the mass of pro- 

toplasm in each of the 
{© cells of a tetrad becomes 

covered, as Strasburger 
132 bas shown, with a new 


1 The cells which make up the layer forming the pollen-sac are known, 
collectively, as the Archespormm. The epithelium which lines the pollen-sac 
has been termed the 

Fig. 131. OrcMs macniata. A pollen-mass in process of enlargement, witli the antker- 
wall on the outside: ep, epidermis; 1, layer of cells under the epidermis remaining un- 
divided; 2'’ and 3', layers arising from division ; 3', the endotheoium. The little mass 
•cnu formed by the mother-cells, is surrounded by a thickened wall. ^4®. (Guignard.) 

Fig. 132. A, transverse section of a young anther of Mentha aquatica ; JB, a fourth 
of this magnified ; O, section through a young anther of Symphytum orientale; /), a. 
fourth of tins inagnified. The dotted lines in Amid O show the part taken for exami- 
nation. JS*, section of a young anther of Leucanthemnm vulgare (Warming.) 
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MIHUTE STEUCTUBE OF THE ITLOWEB. 


cell- wall, the proper cell-wall of the pollen-grains. This wall 
may be variously marked, sculptured, and ciiticularized, giving 
rise to the characteristic forms and features of the grains as 
they are met with in the mature flower. In g3unriosperiiQs, the 
development of pollen-grains differs from that described in some 
particulars which are interesting chiefly from their resemblance 
to what occurs in the higher cryptogams. 

481. The stigma is a surface formed of peculiar cells which 
secrete a viscid, saccharine matter, slightly acid in reaction. In 
some cases the walls of the stigmatic ceils nodergo the mucilagi- 
nous modification (Solaniim, etc.). The wide differences which 
exist in the character of the cells of the stigma are illustrated by 
the following examples: (1) cells with no marked papilke, as in 
Umbelliferm ; (2) papillose, as in Salvia, Convolvulus, Spiriea ; 
(3) hairy, as in Hypericum, Heranium ; (4) with compound hairs, 
as in Reseda. In some of the above the cells are rather loosely 
aggregated, while in others they are much more compact!}’ com- 
bined. Below the stigma the style often has collecting hairs, as 
in Composita^., Cainpaniilaceae, etc. (see Volume I. page 222). 

482. The style is a prolongation of the ovary, and shares with 
it its fliscicuiar system. In the interior there is a slender thread 
of loose tissue made up of thin-walled cells containing consider- 
able food-material, starch or oil, etc. The cell-walls often pass 
into the mucilaginous condition. The style is sometimes tifliular, 
and lined with the tissue just described. 

483. The simple ovary is a modified leaf-blade provided with 
epidermis, parenchyma, and a fascicular sy stem. The epidermis 
of the outside of the ovaiw, and that which lines its cavity, ma}- 
have all the characters of ordinary epidermis ; stomata and hairs 
ma}" be present, the latter often being mere papillae, which upon 
the ripening of the ovary into the fruit become long hairs. 

484. In the interior of the ovary there is frequently a pecul- 
iar modification, either of the epidermis itself or of the sub- 
jacent parenchyma as well. In such cases very loose tissue, 
sometimes appearing as if composed of felted hairs, lines the 
cavity of the ovarj" (or is found at some one portion of it). The 
w’alls of this tissue may undergo the miicil agio on s modification 
either in whole or in part. Its cells contain a considerable 
amoinit of food -materials (oil and starch). This loose tissue, 
together with that of the same character found in the style, is 
known as conductive tissue, and serves as a path of least resist- 
ance for the penetrating pollen-tube (see Part II.). 

485. The distribution of the fibro- vascular bundles in ovaries 







FIBBO-VASOULAE BUNDLES OF THE OVAEY. 


IS of much interest, and can best be examined under the two 
heads of ‘^ Simple Pistils'’ and “ Compound Pistils.” 

486. Simple Pistils. The fibro-vascular bundle consists of 
wood and liber running through the median line of the carpellarj 
leaf, — that is, through the dorsal suture. Tw^o branches are 
given off by this bundle not far from the base of the leaf, near 
its two united margins, — that is, at the ventral suture. 

487. The folded carpellarj leaf has incurved margins ; so that 
whatever the arrangement of the wood and liber may be in the 
median line of the leaf, the reverse will he found at the margins. 
Thus in each of the three carpels shown in Pig. 133 a, the fibro- 


vascular bundle running through the dorsal suture has liber on its 
outside (the unshaded portion) and wood on its inside (the dark 
portion). But in each of its branches at or near the ventral 
suture liber occurs on the inside (that is, nearest the centre of 
the flower) and wood on the outside. 

488. Oonipound Pistils. If several carpels unite to form a 
compound ovar}^, the same inversion of the order of the parts of 
the bundles (as shown in Fig. 133 (x) will be seen when the 
bundles at the centre of such an ovary are compared with those 
at its periphery (see diagrams ^ to/*, Fig. 133). 



174 MINUTE STRUCT UEB OF THE FLOWER. 

489. But if the ovaries, instead of being superior, as those in 
Fig. 133, are inferior, as those in Fig. 134, further complications 
are caused. The flbro-vascular bundles of the several floral 
whorls united with the pistil are distributed in circles in the 
parenchyma tissue of the ovary. Thus in Fig. 134 a, we find 
five such circles, corresponding to the calyx, corolla, stamens, 
and dorsal and ventral sutures of the carpel. The bundles in 
Fig. 184 a are arranged in radial lines from the centre outwards ; 
the SIX bundles nearest the centre of the ovary are those of the 
ventral sutures, and have wood outside and liber inside ; in the 
next circle the three with reverse arrangement of elements are 
those of the dorsal sutures from which the bundles just spoken 

0 blanched. In Fig. 134 6, all the fibro- vascular bundles save 

ygK those of the carpels 

Q ^ 6 are united to form a 

^ single circle^ thus giv- 

\ © ** / / 

J ( ( ^ \ of bundles 

/ % I 

(^® \ \ section, and at the 

^ S ' base of the ovary 

^ even these did not 

J’!y\ exist separate. In 

c Fig. 134 c, the bun- 

dies of all the floral 
\ \ I whorls are blended 

\ considerable 

I licight in the ovary ; 

I I / finallj^, the bundles 

J I / I of the ventral sutures 

- ^ ^ ) \ . become separated 

. from the rest, which 

134' . ■contiiiiie united 

_ throughout, forming 

me large bundles seen on the peripherv of the ovary In 
b>l c. The arrangemeiit of the bundles in this figure should be 
compared with that in Fig. 133, 

490. The structure of the peduncle and the pedicels is snb- 
stautially the same as that of t he stem, and the structure of 

vasratar tn,aie“boOn^^^ '■r.niwm.inl of tibro- 

nieria versicolor tto ^ «ie external parts of tlie flower: o, Alstroj- 

fasdcles no longer so ilistlnrtlv rrna7 . '”'0 nivalis, tlie 

whorls Wended.® (vrn -neXm.) ’ Medium, the faseioles of the 



DEVELOPMENT OF^ THE OVULE. 


the bracts is much like that of the leaf ; therefore these need not 
be specially considered here. 

491. Ovules are normal!}' formed at definite points or lines 
upon the ovarian wall, which answer to the edges of the carpel- 
lary leaves. The funiculus arises as a slight elevation produced 
by the multiplication of a cell or a group of cells under the 
epidermis; in the centre of this elevation, and also under the 
epidermis, further development produces a spheroidal or cone- 
like mass, — the nucleus. Then, a little later, cells at the base 
of the nucleus begin to produce a cylinder (the inner integu- 
inent), and shortly after, a second one is formed below am! 
outside this (the outer integument). Subsequent development 
carries the outer integument quite up and around the inner one, 
and the nucleus ; leaving a small opening (the foramen). For 
peculiarities in the morphology of the ovule, and for eases in 
which one or both integuments may be wanting, see Foluine 1. 
page 278. 

492. The funiculus has a collateral fibro-vasciilar bundle, 
having its median plane coincident with that of the ovule. The 


bundle is surrounded by parenchyma and epidermis. It is fre- 
quently prolonged into the integuments, being there more or less 
branched. 


Fig. 136. Development of the ovule of Aristolochia Cleraatitis. -4, yornig ovule in 
vertical section; same, more advanced; ti, internal integument forming; C, a later 
stage of same; internal integument; te, external integument forming; D and .S', 
later stages of nucleus, to be described in Part II, (Warming.) 
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THE FRUIT. 

493. The fruit is the ripened pistil. But, as shown in Vol- 
ume I, “it is a loose and multifarious term, applicable alike to 
a matured ovary, to a cluster of such ovaries, at least when 
somewhat coherent, to a ripeued ovary with calj-x and other 
floral parts adnate to it, and even to a ripened inflorescence when 
the parts are consolidated or compacted.” 

494. Histologically considered, fruits present few diflleulties, 
although the changes in form which a pistil undergoes as it ripens 
are not greater than the changes which it may sufter in minute 
structure. These histological changes are referable to a few 
simple kinds : (1) a great development of sclerotic elements, seen 
in the harder diy-fruits and in the ptitamen of .all stone-fruits; 
^21 a large increase in the arnorrnt of sott-walled parenchyma, 
containing sap, as in the puli^ of all fleshy fruits ; (3) a consid- 
erable development of color, especially in the superficial parts. 

495. Sections to exhibit the structure of the very hard parts 
of fruits are made most easily by carefully griridiirg the parts 
on a line oil-stone. First, a fragment of the hard shell of a nut 
or of the putamen of a drupe is obtained by means of any stronv 
cuttirrg instrument, and a flat surface parallel to the plane of 
the section desired made by a clean file. On a glass slide a 
drop of Canada balsam is placed, and heated until the more 
volatile portion is expelled (see 111). Then the flat side of the 
object just prepared is held upon this balsam until the latter 
becomes cool and hard ; and when thus securely fastened, the 
specimen is rubbed down on an oil-stone to any recjrrired de- 
gree of thinness. It is removable from the slide by oil of 
turpeirtine, and can afterwards be mounted in a fresh portion of 
balsam or of benzol-balsam (see 112). 

496. The contents of the parenchyma cells of fruits depend 
very largely on the degree of maturity of the fruit. Changes in 
the contents go on from the formation of the fruit until it is fully 
ripe. In some of the more common cases these consist largely 
in the production of various sugars, especially that which is 
knowri as fruit-sugar ; and organic acids, for instance, citric, 
tartaric, and malic acids. A consideration of these changes 
belongs to Part II. 

497. The coloring-matters in fruits, like those in flowers, are 
mther color-eorpuseles (chromoplastids), or substances dissolved 
in the cell-sap. In a few cases the walls of the cells them- 
selves have more or less color. 


COLOKING“MATTERS OF FBUITS.- 
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498. The berries of a common house-plant, Solaniim Pseudo- 

capsicoin, furnish excellent material for the examination of the 
coloring-matters of fruits. The following account, condensed 
from Kraus d will show the essential characters of the color- 
granules in this case, and it should be compared with what has 
been already said about the structure of chlorophyll granules 
and leocoplastids (168 et as well as with the account of 

the chromoplastids in the parts of flowers (477). 

A section through the ripe pericarp shows that it consists of 
twenty to thirty or more layers of cells, in most of wliich color- 
graiiuies occur. In the outermost cells the granules closely 
resenil)Ie both in form and structure ordinary granules of chloro- 
pliyli. Ill some of the granules the coloring-matter is evenly 
diffused tlirough the whole mass, while in others it is confined 
to some one part, the rest of the granule remaining without color 
of any kind. In these cases the colored and the uncolored parts 
are not vei*)’ sharply" divided from each other. 

499. Other granules less like chloroplijdl-granules occur, in 
which there is a sharp demarcation between the colored and 
uneolored parts ; such have been showui to be vacuolar, the 
vacuoles assuming widely different shapes. These are abundant 
in the cells which lie five to eight layers, or rather more, from 
the outside. 

In some of these the colored portion appears spindle-form or 
sickle-form, in others curved twice, like the letter S. It fre- 
quently happens that several of these long granules are placed 
end to end, forming an irregular chain. 

500. In the part of the berr^’ which envelops the seeds the 
color-granules are extremely slender, and needle-shaped.^ All 
of the granules lie in the protoplasm ; usually in greatest 
number in that lining the walls, and immediately around the 


^ Kraus : Pringsheim’s Jalirh., 1872, p. 131. 

2 Trecul : Ami. des Sc. nat., ser. 4, tome x, 1858, p. 154. Weiss; Sitz. %. 
Akad. Wien, 1864 ( Band 1.), and 1866 (Bandliv.). 
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THE SEED. 

502. The ripened ovule is the seed. In ripening, the ovule 
undergoes changes in the structure both of the integuments and 
the nucleus. The integuments of the seed answer morphologi- 
cally to the primine and secundine of the ovule ; the outer being 
the testa, or seed-shell, — also called spermoderm or episperm, 
— the inner the tegnien, or endopleiira. The nucleus of the 
seed also answers to the nucleus of the ovule. The morpho- 
logical relations of the different parts of the seed have been 
sufficiently treated in the first volume, Stnictural Botany,” and 
therefore only the histological features will now be presented. 

503. Considered as a whole, the testa varies greatly in con- 
sistence ; it is in some cases as dense as any sclerotic tissue, 
while ill others it is pulpy, and in others still, membranaceous. 
But it is usually' divisible under the microscope into two or more 
layers, which are not constant in their characters. 

504. The ordinary lajmrs met with in the seeds of most 
agricultural plants have been described liy Nobbe ^ in the follow- 
ing terms: 1. The hard la^^er, composed generally of palisade 
or staff-like cells of considerable firmness. In Leguminosm it 
is the external layer, and its exposed siirffice is ciiticularized. 
Ill flax and species of Brassica, it is the second, in cabbage 
and mustard, the third layer. In a few cases the cells of this 
layer are tabular instead of staff-shaped. 2. The mucilaginous 
layer, not present in all the common agrieultiiral seeds, is com- 
posed of cells whose walls have the power of sw^elling greatly 
when they are placed in water. This layer is sometimes found 
in the outer part of the testa, sometimes in the inner. 3. The 
pigment layer, which imparts characteristic colors to the coats of 
the seeds of many plants, is not constant in the form of the cells. 
The color ma.y reside in the cell-wall, or in the dried contents of 
the cell. Sometimes a few pigment-cells are scattered among 
others of a neutral tint, and even among those which cannot be 
said to have any proper color at all. In some cases one of the 
other layers may contain more or less color. In a few other 
instances the color is not dependent on a pigment layer ; for, as 
Frank ^ has shown, in the steel-blue seeds of species of Pieonia 
the color is purely a result of reflected light, and is in no wise 
due to the presence of any true coloring-matter. The dried 
seeds are dark red or dark brown ; but when thoroughly moist- 


' Haadbuch der Samenkimde, p. 73. 


2 Botanisehe Zeitang, 1867. 
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ened with water (or better still in a fresh state), they are dis- 
tinctly blue. 4. The protein layer, the cells of which contain 
granular albuminoid matters. 

The layers just described are different in different seeds, and 
sometimes different in 
different parts of the 
same seed-coat, so that 
the division has really 
little utility. 

505. The external in- 
tegument or testa may ^ 
have well-developed hairs, 
as has been shown in Vol- 
ume I. p. 306. Only one 
of these cases of hairs 
can be here described ; 
namel}'', those which form 
the felted covering of cot- 
ton-seeds, and which are 

the ‘‘cotton’’ of commerce. These are slender cells wnth col- 
lapsed walls. As they ap- 
proach maturity, the cells 
become more or less twisted ; 
the resulting spiral is that 
which imparts to cotton its 
value as a material for spin- 
ning. Some other seeds, 
notabl}" those of species of 
Asclepias, have long and 
strong hairs, but none of 
these have any spiral twist 
which fits them for textile 
piirposes- 

^ ^ Regarding the size of eot- 

ton “fibres” (hairs of the 
seed), the following meas- 
urements by Ordway are of interest: Maximum length in the 
sea-island ” variety, about two inches (five centimeters) ; in 


Fig. 136. Cross-sections of cotton-fibres, -.4 ^4, fibres; B B, balf-matnre 

fibres; 0 C, fully mature fibres; D, section of fibre, showing laminated cell-walla. 

(Bowman,) ■ ■ . . ■ , , Vt A u 

Fig. 137. .i, Classy, structureless fibre; B, thin, pellucid, immature fibre; C, half 
mature fibre, with thin cell-wall ; B and JS, fully mature fibre, with full twist and well- 
defined cell-wall. (Bowman.) 



upland or ‘‘ short-staple’" cotton, a little over one inch and a 
half (three and three-fourths centimeters). The greatest width 
of fibre was found to be .0018 inch. A single fibre sustained 
without breaking a weight of 150 grains.^ 

506, It has been shown in Volume I. that the seed-coats of 
man}: Polemoniacem, etc., are furnished with microscopic hairs, 

whieli come usefLiUy into play in arresting farther dispersion at 
a propitious time or place. . . . The testa is coated with short 
hairs, which when wetted hurst, or otherwise open and discharge 
along with mucilage one or more very attenuated long threads 
(spirieles) which were coiled within. These protruding in all 
directions, and in immense numbers, form a limbus of considera- 
ble size around the seed, and evidently must serve a useful end 
in fixing these small and light seeds to the soil in time of rain, 
or to moist ground, favorable to germination, to wMcb the}’' may 
be carried b}" the wind.” The best example of this structure is 
afforded hy the genus Collomia ; in this the spirieles are long 
and very numerous. 

507. The nervation of the seed-coats furnishes in many 
eases excellent diagnostic characters, but they need no special 
remark histologically. The forms of branching of the fibre- 
vascular biindle of the funiculus indicate that the ovule and 
seed are of the nature of leaflets on the margin of the carpellary 
ieaf.^ 


^ The above nieasurements are approximate ; those which follow are the 
exact determinations as they are given by Professor Ordway in the Tenth 
Census of the United States. 

Length of fibre. Maximum length found in the “sea-island” variety of 
South Carolina, where it was 1.996 inches. The maximum length of the 
upland or “short-staple” cotton was 1.669 inches. The mmimiim of length 
(0.695 inch) was found in bTortli Carolina cotton, gi’own on a light, sandy 
loam soil. 

Width of fibre. The widest (nMlfoTr inch wide) was quite short (0.945 inch)* 
By far the largest number of wide fibres come from uplands. The “sea-island” 
variety had a width of inch. 

Strength of fibre. The strongest specimen examined had a breaking weight 
of 149.4 grains. Professor Ordway mentions some instances which lead him to 
think that the strength of the fibre may hold some relation to the amount of 
phosphoric acid in the soil where it is grown. 

Weight of seeds and lint. (Maximum weight for five seeds with lint at- 
tached, 22.14 gi'ains.) Light-weight seeds appear to come from sandy soils, 
heavy-wreigli t seeds from heavy and productive soils. 

2 The reader is referred to a memoir by Le Monnier, in Ann. des Sc. 
nat, ser. 5, tome xvi., 1872, p. 233, and one by Van Tieghem in same Journal, 
1872.":, , . ■ ■ ■ 
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ALBUMmOUS AND EX ALBUMINOUS SEEDS, 


508» The so-called “grains” of the cereals are fruits instead of 
seeds ; the accompanying figures exhibit, therefore, not only the 


structure of the integuments of the seeds, but also of the ripened 
ovarian wall. 

509. As shown in the ‘‘ Structural Botany,” page 309, the 
nucleus of the seed consists of the embryo and its siippl}^ of 
c j food. If the store of food is wholly^ 

within the tissues of the embryo, the 


seed is said to be exalbnminous ; if partly outside of the embryo, 
as, for instance, in the cereals here figured, it is said to be 
albuminous. The albumen is the supply of food in the nucleus 
of the seed whicli is not stored in the embryo itself. 


Fig. 138. Cross-section from tlie periphery of tlie fruit of Zea Mais, liiglily magni- 
fied: a, fruit-capsule; b, seed-coat; c, adlierent cellular layer; f?, starcli containing 

albumen of seed. (Berg and Schmidt.) 

Fig, 139. A cross-section from the periphery of the fruit of Avena sativa, highly 
magnified: «, chatf; d, fruit-capsule with the seed-coat; c, adherent cellular layer ; 
<f. starch containing albuminoid parenchyma. (Berg and Schmidt. ) 

Fig. 140. Cross-sec.tion from the i>eriphery of the fruit of Oryjia sativa, highly mag- 
nified: a, chaff; b, fruit-capsule with seed-coat ; c, adlierent cellular layer; d, starch 
containing albuminoid parenchyma. (Berg and Schmidt.) 

Fig. 141. Cross-section from the periphery of the fruit of Hordeum vulgare, highly 
magnified: a, cdniff; h, fruit-cap.sule with the seed-coat; c, adlierent cellular layer; 
starch containing alburuinoid parenchyma. (Berg and Schmidt.) 




512. The protein granules in seeds are classified by Vines ^ as 
follows : — 


1 Die Starkekorner, 1858, p. 887. 

2 Proceedings of the Boyal Society, vols. xxviii., xxx., and xxxi. On 
page 62 of the volume last mentioned the following table of seeds and their 
aleuTone grains is given : — 

L Soluble in water : PjBonia officinalis (type), Ranunculus acris, Aconitum 
Napeilus, Nigella damascena, Helleborus fcetidus, Amj^gdalus com- 
munis, Prunus cerasus, Pyrus mains, Leontodon Taraxacum, Bipsa- 
cus Fullonum, Ipomoea purpurea, Phlox Drummondi, Vitis vinifera. 

II. Completely, and more or less readily, soluble in ten per cent NaCl 
solution. 


510. The embryo may exist as a cluster of parenchyma cells 
without any clear distinction of parts, or it muj possess a defi- 
nitely formed axis and leaves (see “Structural Botany/’ p. 311). 

The microscopic structure of the nucleus has been illustrated 
in part b}" the figures of the grains of cereals (see also Pig. 22, 
on page 47), and it has been considered also to some extent in 
the descriptions of the nascent root and the nascent stem in the 
embryo. The study of the development of the embryo witiiiii 
the seed belongs to a special subject, which will be treated in 
Part II. under Reproduction.” It therefore will siifiice here to 
state that the parenclmna cells of which the iiucleus is composed 
contain food materials and protein mattei’s in large amoiuit. 

511. The proper food materials in seeds are chiefly’' oils and 
starches. The seeds of a large number of plants have been ex- 
amined by jSTageli^ with reference to the occur rence of starch, and 
the following facts are taken from his extensive treatise : — 
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I, Soluble in water ; 6. ^., Pseonia officinalis. 

II. Completel}' , and more or less readily, soluble in ten per 
cent NaCl (sodic chloride) solution. 

a. Grains without crystalloids. 

(a.) Soluble ill saturated NaCl solution after treatment 

with alcohol or ether; e, Pisnm sativum. 

(/?.) Soluble ill saturated jNaCl solution after treatment 
with alcohol, but not after ether; e. Ilelianthus 
anniius. 

b. Grains with crystalloids. 

(a.) Crystalloids soluble in saturated NaCl solution after 
treatment with alcohol or ether; 6. ^., Bertholletia 
excelsa. 

(/?,) Crystalloids soluble in saturated NaCl solution after 
alcohol but not after ether ; e. g.^ Ricinus communis. 

a. Grains witlioiit crystalloids. 

(a.) Soluble in saturated NaCl solution after treatment with alcohol or 
ether: Lupinus hirsutus (type), Vicia Faba, Pisuin sativum, Phase- 
olus niultiilorus, Allium Cepa, Iris purnila (var. atrocoerulea), Colchi- 
cum auturrmale, Berberis vulgaris, Althiea rosea, Tropajolum inajus, 
Mereurialis annua, Empetrurn iiigrura, Primula officinalis. 

\ (/3,) Soluble in saturated NaCl solution after alcohol, but not after 

^ ether : Helianthiis annuus (type), Platycodon (Wahlenhergia) gi’andi- 

I flora, Sabal Adansoni, Delphinium cardiopetalum, Trollius Europmus, 

Actea spicata, Caltha palustris, Aquilegia vulgaris, Dianthus Caryo- 

I phyllus, Brassica rapa, Lepidiuni sativum, Medicago sativa, Larix 
europiea, C^ynoglossum officinale, Spinacia oleracea. 
h. Grains with crystalloids. 

(a. ) Crystalloids soluble in saturated NaCl solution after treatment 
with alcohol or ether : Bertholletia excelsa (type), Adonis autiimna- 
lis, dithusa Cynapium, Digitalis purpui'ea, Cucurbita Pepo. 

(pi.) Crystalloids soluble in saturated NaCl solution after alcohol, hut 
not after ether : lUeinus communis (type), Datura Stramonium, 
Atropa Belladonna, Elais Guiiieensis, Salvia officinalis, Taxus bac- 
I cata, Pinus Pinea, Cannabis sativa, Linuin usitatissimuni, Viola 

elatior, Ruta graveolens, Juglaiis regia. 

III. Partially soluble in ten per cent NaCl solution. 
a. Entirely soluble in one per cent sodic carbonate solution : Pulmonaria 
i mollis, Omphalodes longiiiora, Borago caiicasica, Myosotis palustris, 

Clarkia pulchella. 

5. Entirely soluble in dilute potassic hydrate. 

(a.) Grains without crystalloids: Anchusa officinalis, Lithospermum. 
officinale, Echiuin vulgare, Heliotropium Peruvianum, Lythrmii 
Salicaria. 

(jS.) Grains without crystalloids: Cupressus Lawsoniana, Juniperus 
communis, Euphorhia Lathyris. 
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III. Partially’' soluble in ten per eeiit sodic cMoricle solution, 
a. Entirely soluble in one per cent soclie carbonate solu- 
tion ; e. Clarkia pulclieila. 

Entireljvsoluble in dilute potassio bydrate. 

(a.) Grains without crystalloids ; e. g.^ Lythrum Salicaria. 
(jd.) Grains with crystalloids ; e,g,^ Juniperus communis. 

513. The appendages of the seed known as the strophiole (at 
the base of the seed), the caruncle (at the micropyle or orifice), 
and the membranaceous and pulp}' forms of ariliiis (see Yoi- 
ume I. pages 308, 309) do not call for further remark. 

The separation of the fruit at maturity, and the separation of 
the ripened seed as well, are due to changes analogous to those 
described in 458, under the ‘‘ Fall of the Leaf.” Some of the 
special forms of mechanisms by which the detachment occurs 
maj^ be examined in Part II., under Dissemination.” 


CHAPTER V. 


PHYSIOLOGICAL CLASSIMCATION OF TISSUES, 
DIVISION OF LABOR IN THE PLANT. 

514. The simplest plant, a green cell living in water, pos- 
sesses all the appliances needfxil for the work of vegetation ; 
namely, a protoplasmic body containing diloroph 3 dl, and a cell- 
wall protecting it. It finds in the water in which it floats, and in 
the sunlight to which it is exposed, everything requisite for its 
full activity. 

515. Its work is twofold : First, that which it does not share 
with the animal, and which may therefore be called the proper 
office of the plant, — the production of organic matter out of 
inorganic materials, under the agency of light. This work is 
dependent upon the presence of chlorophyll in the ceil, and is 
known as Assimilation. Second, that which the animal like- 
wise can perform, — the conversion into various forms of ac- 
tivity of the energy stored up in food. This takes place in the 
protoplasm, whether chlorophyll be present or absent. 

516. In a spherical cell isolated from others and leading an 
independent existence, floating free in the water, and therefore 
presenting no one part exelosively to the light, there is very 
slight if indeed any division of labor. One part of its cellulose, 
protoplasm, or chloro|)l)ylI has the same work to perform and is 
substantially under the same conditions as any other part. But 
if the cell becomes one of many aggregated to form a mass of 
tissue, its relations to its surroundings are not the same as be- 
fore, for its exterior is no longer equally exposed either to water 
or to light. The cells in the interior of such a mass must derive 
their supply of material from without through the agency of the 
neighboring cells ; hence division of labor begins. Inspection 
of the mass shows that some of its cells have the office of ab- 
sorption, others that of assimilation, others that of treasuring 
up the products of manufacture, etc. With this incipient divi- 
sion of labor there are also notable changes in the form of cells, 
by which a more complete adaptation to a particular kind of 
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work is secured. These adaptations are as marked in tlie inters 

iial anatomy as in the external eoniigiiratioii. 

51^. The parts ol a living being which have definite kinds of 
work to do are known as organs ^ (cf. Ipyov, work). Since they 


1 Tile organs of the higher plants are reaucibie to three members ; that is, 
three types ot structure, which bear to each other deiinite relations of position 
and sequence of appearance. These members are the root, stem, and leaf, ■— to 
which some add also the plant-hair. In Sachs’s Torlesungen, the number of 

members is given as two ; namely, root and shoot. 

In tlieir very youngest state tdi the modified leaves upon a given ifiant are 
indistinguishable from each other; the leaves which are to become petals 
stamens, leal- traps, or tendi-iis, are like those which are to be ordinary folia<^e. 
The same is true of modified stems and modified roots; however diverseln 
shape and function the modified stems or branches of a plant may finally be 
they are at their very beginning precisely alike. * * 

In the determination of the rank of an oi-gan, that is, its reference to one of 
the three plant-members already enumerated, the following criteria are em- 
ployed : (1) its position with respect to otlier parts; (2) its nascent condi- 
tion; (3) its presence or absence in organisms (►bviously allied to the one in 
which it occurs, its rank in these not being ohscui’e. 

So far as the organs seen by the nahed eye are concerned, it is seldom that 
any serious difReulty exists in the application of at least one of these criteria 
to the determination of their nmk, and it is generally possible to nse more 
than one. But it is different in the ease of the histological organs, for (1) the 
position can be made out only in sections of the given part ; (2) their early 
nascent condition is the simple cell, common to all tissues: (3) it is not easy 
to determine wliether an organ e.vists in a rudimentary form in allied organisms 
or is wdiolly absent fi’om them. 

It is so difficult to apjily these criteria to the study of tissues, and the 
results obtained are so contradictory, that there is no complete agreement 
among botanists as to wliat constitutes a liistological member exce])t the sim- 
ple cell itself. In fact, as stated in 191, it is doubtful whether with the 
matm'ial now at hand it would be possible to construct a satisfactory system 
of tissue elements or histological organs upon a purely morphological ksis 
Even m the systems whicli most nearly approach this there are soke physio- 
fo&kal notions which have aflected a few of the minor divisions. 

A clasdfication of tissues upon the basis of physiology alone is open to 
serious objections ; one kind of work in the plant can be performed by diverse 
tissues, and on the other hand one kind of tissue can perlbian moi'e than one 

kind of work. This is illustrated by the structural el einents th rovigli w-liich 

mechanical ends are reached ; the long bast- fibres, woody fibres, collenchyma, 
and short sclerotic parenchyma, — very diverse elements, but m-eonudisliiim the 
same result. Yet one of these, iiamely, the woody fibres, is among the most 
important of the elements by wdiich crude li(|iiids are caiTi(‘d throimh the 
plant. ^ 

Moreover, in the examination of the minute structure of a part it is not 
easy to discriminate betw^een the different offices wdiich one of its criyen ele- 
ments may M, because the element is associated with so many oth era in the 
lormation of a complex organ. 
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are parts of a whole, — the organisra, — ■ they mnst have definite 
relations to each other as regards position and otiice. 

518« The relations of origin and position, so far as the organs 
of the plant are concerned, are discussed in the first volume; 
the relations ol origin and position of the component parts of 
their structure have occupied the earlier portion of the present 
voliiine. From a review of the facts there presented, it appears 
that anj given part inaj subserve different ends ; for instance, a 
leaf ma}^ cany on its proper work, nainel 3 % that of assiiniiation, 
and at the same time inaj- aid as a tendril, and, in tlie ease of 
Nepenthes, as a stoma ch for digestion. On the other hand, it 
is equally clear that the same kind of work ina}’ frequently be 
performed by difierent parts. For instance, the proper work of 
the leaf can be carried on bv an}" green tissue ; not inerel}" in 
proper leaves, but in the cortex of 3 ’oiiDg stems, and even in the 
outer tissues of young roots of certain aerial plants. It is there- 
fore sometimes advantageous in Yege table Physiology to distin- 
guish between sj’stems of tissues having different offices, rather 
than between organs which are often masses of heterogeneous 
tissues. 

519. Among the s^^stems of classifications of tissues chiefly 
upon a physiological basis is that of Ilaberlandt, which is as 
follows : — 

A* The Protective System. 

1 . Of the surface (Epidermis, cork, and bark). 

2. Of the skeleton (Bast-fibres, libriform cells, collencliyma, 

and sclerotic parenchyma). 

The Nutritive Sj^stem. 

1 . Absorbing system (Epithelium of roots and the root- 

hairs ; absorbing tissue of haustoria, etc.). 

2. Assimilating system (Chlorophyll parenchyma, both pali- 

sade and spongy). 

3. Conducting system (Conducting parenchyma, vascular 

bundles, latex cells and tubes). 

4. Storing system (Reserve-tissues of seeds, bulbs, and 

tubers; water- tissue, etc.). 

5. Aerating s\"stem (zieriferous intercellular spaces, together 

with their external openings, stomata and lenticeis). 

6 . Receptacles for secretions and excretions (Glands, oil, 

resin, and mucus canals, crystal-sacs, etc.). 

To these might be added the groups of tissues concerned in 
reproduction. 
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MECHANICS OF TISSUES. 


520. In Haberlandt’s classification^ the tissues having a me« 
chanical office to fill are brought into one group, which is then 
subdivided into (1) those tissues which protect the softer tissues 
of the interior from the harm wdiich would result from exposure, 
and (2) those which hold the soft tissues in place. An exami- 
nation of the work performed by tissues ina}" accoinpai^y an in- 
vestigation of the work hy organs themselves ; in the examina- 
tion of the work of organs in Fart II . the necessary facts relative 
to their structure will be presented. 

521. Those tissues which serve si m pi}" to impart strength to 
the plant belong almost as much to lifeless as to living parts, and 
can best be examined before the subjects of physiology are taken 
up. The present division has for its object the consideration of 
that wiiich in Haberlandt’s classification is called the skeleton, 
and which is known to serve chiefly meilianical ends. 

522. In the case of a water-plant, for instance an alga, wdiieh 
has about the same specific gravity as the water in which it is 
borne, no special mechanical support is demanded. Its own 
buoyancy suffices to keep the structure as a whole in place; 
while the different parts of the simple organism have a degree of 
stability which enables them to resist the action of the waves. 
As might be expected, such an organism can attain a very great 
size ; for instance, Macrocystis pjTifera of the Southern Pacific 
Oeean has been known to measure nearly one thousand feet, and 
less trustworthy measurements have been recorded which far 
exceed this. In this and other water-plants the medium which 
buoys the plant up takes the place practically of any internal 
framework. 

523. A land-plant, existing in a fiir lighter medium than the 
water-plant, must have a definite mechanical support. Those 
species of Calamus which furnish the ‘‘ rattan ” of commerce pos- 
sess a terminal shoot from which are unfolded in rapid succession 
strong leaves armed wuth recurved hooks. Having reached the 
thickly clustering tops of a tropical forest, the terminal bud de- 
velops its leaves, and these cling with tenacity to the branches 
upon which they rest, so that the mechanical support is afforded 
in this case by the vegetation beneath. Thus sopported, the ex- 
tension of the shoot is indefinite, so that examples of Calamus 


I 


Ilij 


1 I*hysiologische Pflanzenanatomie (Leipzig, 1884). 
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with a length of 800 feet are not uncommon, and some figures 
much higher than this are noted. 

524. In both the above cases the extraordinary size has been 
attained with very little expenditure of material for mere me- 
chanical support. The same is true, although in a less striking 
because a more familiar manner, in our ordinary twining and 
climbing plants ; other plants or outside supports of some kind 
being necessary to bring their stems and leaves into the best 
relations to their surroundings. But what tissues serve to keep 
erect or in position the larger plants which are not water-plants 
or climbers ? What tissues serve mainly mechanical ends ? 

525. The subject was extensive!}’ investigated, so far as 
moiiocotyledonous plants are concerned, by Schwendener,^ in 
1874, since which time some important additions have been 
made. According to Schwendener, the mechanical elements 
in the plant are (1) bast-fibres, (2) libriform cells and fibres, 
(8) colienchyma cells. That these are the chief elements of 
strength, especially in monocot^dedonous plants, appears from 
his instructive experiments, which have been repeated by others. 
Strips, 150 to 400 mm. in length and about 2 to 5 mm. wdde, were 
carefully taken from stems or leaves and immediately fastened 
in a vise at one end, the other end being firmly grasped by strong 
pincers to which weights could be attached at will. Behind a 
strip, vertically suspended from the vise, a measuring-bar was 
placed, so that any elongation of the strip under tension could be 
accurately measured. After the apparatus was properly adjusted, 
a small weight was attached to the pincers, the elongation of 
the strip observed, and the weight then removed in order to see 
whether the strip recovered its original length. Up to a certain 
point the recovery was found to be complete ; beyond this point 
the elasticity was lost, and not again regained. 

526. Strips from the middle part of the leaf of Phormium 
tenax, 890 mm. long and 1.5 to 2 ram. wide, were placed in the 
apparatus and subjected to the action of a weight of 10 kilograms. 
They became 5 mm. longer, baton removal of the weight were 
found to recover their original length; in other words, they re- 
mained perfectly elastic under this weight. A weight of 15 
kilograms broke the strips into two parts. These strips con- 
tained only five fibre- vascular bundles, with an amount of bast 
which was believed to be about half a square millimeter in cross- 



1 Das meehaiiische Priiicip im anatomischen Bau der MonGcotyieB (Leipzig, 
1874).,,, : , , 
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scM3tioiiv From this experiment' Scliweiidener places the strength, 
of the bast of Phormiiim tenax at 20 kilograms per square millb 
nieterd 

527. The tables in the notes show that good bast equals good 
iron in its tensile strength within tlie limits of eiastie%, while in 
its breaking-weight it is greatly exceeded by the latter. Schweii- 
dener well remarks that Nature has given her whole care to pro- 
viding that these mechanical elements should be strong within 
the limits of elasticity, and with good reason ; for be3'ond those 
limits the plant gains nothing by greater strength. Attention is 
called also to the great difference between bast and the metals 
with regard to their elongation under weight. 

1 Tlie results of experiments made witli tlie bast of various plants in the 
manner described are given below. Most of the cases cited are fromSchwen- 
deiier ; others are from Haberlandt ( Physiol ogisehe Pfianzenaiiatoinie, p. 105). 
The (hdernnuations for luetals are from Weisbach. 


Name. 

Elongation 
in 1000 parts. 

Tensile strengtli in 
kilograms scp 

min. (witliin limits 
of elasticity ). 

, 

Breaking- 
w eight in 
kilograms 
per scp 
mm. 

Pliorrnium tenax . , . 




■ 

13. 

20. 

25. 

‘‘ “ .... 




14. 

16, 


Fritillaria imperialis 




12. 



Lilium aiiratuiii . . . 




7.6 

19. 


Jubiea speetubilis . . . 




12.6 

20. 


Dasylinoii longitbluim . 




13.3 

' 17.8 

21.6 

I )racteu!i iudivisa . . . 




17. 

17. 

21.8 

Hvaeinthus orieiitalis . 




. • . . ’ 

12.3 

16.3 

Allinni Porriim . . . 





, 14,7 

17".6 

Polytrielimn juniperinum (stem) 



.... 

.... 

7.5 

‘‘ *'* 

(seta) 





11.6 

Pai>yriis aiitiauonmi 

. . . 



15.2 

20. 


Molinia cmrnl'ea ... 

t -1* 



11. 

22. 


Pincenectia reciirvata . 

A * 



14.5 

, 25. 


Biantbiia capitatus . . 

* • • 



i 7.5 

14.3 


Seeale cereal© .... 




. ' 4.4 

15 to 20 



These should be compared with the results of determinations made with 
other materials : — 


Name. 

Elongation in 
1000 parts. 

Tensile strength 
per sq. mm. 

Breaking-weight 
in ,kilograms- 

Malleable iron in rods .... 

.67 

13.13 

40.9 

“ “ in wire .... 

1 00 

21.9 


‘‘ in plate .... 

.80 

14.6 


Hammered German steel . , . 

1.20 

24.6 

82. 

Brass . . . . . . .... . 

.75 

4.85 , 


Brass wire . . . . . .... 

135 

13.3 


Cast zinc ... .... . . 

\ ,24 ■ 

■2.3 


Copper wire ........ 

1.00 

12.1 


Silver . , . . , . ... . . 


n. 

29. , 


STEREOM A-ED MESTOM. 
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528. The strength of other tissues besides bast has been meas- 
ured ; .thus Ainbroiin assigns' to eollenchyma a breaking- weight of 
12 kilograms per square millimeter, and these cells become per- 
manently elongated under a weight of from 1.5 to 2 kilograms. 

Haberlandt found that the breaking-weight of the intern al 
^‘ thread'' of the common graybeard lichen, Usnea barbata, is 
1.7 kilograms per square millimeter, but that this thread could be 
stretched to double its length before breaking. The breaking- 
weight of . cotton fibre is calculated ■ to be between 18 and 20 
kilograms per square millimeter, and that of the seed-hair of 
Asclepias Syriaca not iar from 40 . kilograms. 

529. Examination of any of the figures of. fibro-vasciilar 
bundles given in PartT. shows how 'well their elements are dis-; 
tribiited in order to secure the greatest strength with economy of 
material. To the elements which impart strength to a. bundle 
Schwendener has given the imme stereo77i ; to the other parts of 
the bundle, ^nestoni ; thus the fibres are" stereom elements, the 
ducts are mestom elements. 

530. The striking adaptations.^ of the fibro-vasc.ular bundles 
to serve as light and verj* strong building materials in the plant 





1 The following table from Schwendener, with a few illustrative examples, 
is given to serve as a guide to the student in tracing out a few of these adapta- 
tions : — - 

DisT.uiBiT'rrox of Mechanical Elements in Monocotyledons. 



I. In cyliiKirical organs. 

1. System of siihepidermal nerves of bast. Simple fascicles of hast lie 

under the epidemiis. 

First type. Arum, Arisaema. . 

Second type. Petioles of Colocasia and Alocasia. 

2. System of compound peripheral girders. Siihepidermal fascicles of hast 

unite with those which lie more deeply to form girders in wliicdi 
the “web” or binding-tissue is partly mestom, piartly parenchyma. 
Third type. Stems of Scirpus eiespitosus and Eriophoruni alpiiium. 
Fourth type. Stems (above ground) of Cyperus alternifolius. 

Fifth type. Stems of Sehcenus nigricans. 

Sixth type. Stems of Juncus effusiis. 

Seventh type. Carex lupulina. 

Eighth type. Scirpus laeustris. 

FTiiith type. Isolepis pauciflora. 

Tenth type. Cladiuni Mariscus. 

3. System characterized by a nerved hollow cylinder, the nerves of 

which are united with those at the epidermis. 

Eleventh type. Many grasses ; e. p., Alopecurus pratensis. 

Twelfth type. Panicum Crus-galli, 

4. System of ])eripheral hast-fascieles strengthened by mestom. 
Thirteenth type. Zea Mais. 
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are seen plainlj when the distribution of the bundles in the stems 
oi monocotyledons is examined in eross-seetion. In many eases 
the shape of the section of the bundle is nearly that of ‘the 
wdl-known “ I or “ H ” beam or girder. In the most clearly 
maiked instances the stereom portion is well developed on 
both sides oi the mestonu and thus forms the -flanges” or 
plates, while the inestoni is the - web;” the stereom has 

theh-^r ° or tension, according to 

ending ot the part. It will further be observed that in all 
cases the beam is placed with respect to the rest of the stem so 
® g'‘eatest efflciencj of the stereom portion. 
iXut It IS only upon a careful examination of the many methods 
of arrangement of the stereom and mestom in the bundles 
oi diverse forms of dicotyledonous stems, together with an ex- 
amination ot the aiTangement of the bundles themselves with 
respect to the surrounding tissues, that the adaptations of the 
vanotis elements to strength can be fully appreciated. 

he inodes oi distribution of the stereom and mestom met 
with in monocotyledons are so numerous that they cannot be 
reduced to a few types ; their diversity is so great that they can 
only with diiiiciilty bo brought into any system of classification. 

6. System of subcortical iii.ro-vascukr bundles with strongly marked 
bast development. ^ 

Fourteenth type. Bambusa species. 

Fifteenth type. Palms. 

Sixteenth type. Yucca. 

Seventeenth type. Musa. 

Eighteenth type. Mararita. 

6, System of subcortical fibro- vascular bundles united tangentially 
mneteenth type. Juncus Gerardi. 

7. System charaotemed l^ a simple hollow cylinder with imbedded or 

attached fascicles of Mestom. 

Twentieth type. Commelynace^. 

II, In bilateral organs. 

1 . System of suhepidermal girders. 

First type. Leaves of Cyperas. 

Second type. Middle part of leaves of 2ea, 

Third type. Leaves of Musa. 

Fourth type. Leaves of Tr a descan tia. 

Bifth type. Leaves of Pardanthus. 

2 . System of in tenml girders. 

Sixth type. Leaves of Cypripediuin. 

Seventh type. Petiole of Aspidistra. 

z. System of eomplex girdera : subepidermal nerves of bast combined 
With intenor girders. 

Eighth type. Petioles of many palms. 
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531. The clistribiitioii of material in the skeleton of a ligneous 
dicotjledoiious plant is somewhat different from that in a mono- 
cotyledon.^ More of the mechanical work fails on the proper 
wood, but even here in some cases the bast serves an important 
purpose. 

532. The data lor calculating the strength of the woody stem 
and branches of a dicotyledonous plant are to be found in vari- 
ous works on mechanical engineering ; but it is to be borne in 
mind that tlie figures given for timber are usually based on ex- 
periments with diy heart- wood. 

533. The ti-unk is to be regarded as a column bearing the 
weight of the whole crown of branches, each of these being a 
tapering beam supported at one extremity. The crushing-weight 
the crown exerts upon this cokimn is far within the limits of 
safet}", even when the liabilit}’ of the trunk to be much bent and 
twisted by high winds is taken into account. The branches at 
their point of union with the trunk form different angles in 
different plants, and this angle must be taken into consideration 


1 Distripattion of Mechanical Elements in Dicotyledons. 

1. With bast in the bark. 

First group. Axial organs when young have an unbroken ring of bast ; 
in much older stems this is interrupted or cast off. Aristolochia. 

Second group. Axial organs with a layer of bast-bundles which is 
thrown off later. The bast- bundles form the first mechanical system, 
which is soon replaced by the ring of wood. Nerium Oleander. 

Third group. Witli simple ring of bast-bundles in first year, later with 
isolated bast-iibres. iEsculus Hippocastanuin. 

Fourth group. With strong bast, even when far advanced. Tilia. 

Fifth group. With subepidermal bast-nerves. Busselia. 

2. With transition to an intra-cambium ring of libriform cells. 

Sixth group. The cambium of the bundles lies partly outside, partly 
inside the mechanical ring, or is imbedded therein. Gaillardia. 

Seventh group. Isolated vascular bundles. Silpliiurn perfoliatum. 

3. Intra-cambium libriform ring without medullary rays. 

Eighth group. Without bast on the outer side of the cambium or eam- 
biform layer. Impatiens Nolitangere. 

Ninth group. With larger or smaller amounts of bast on the outer side 
of the cambriform. Urtica dioica. 

Tenth group. In the libriform elements all shades of transitions to 
ducts. Mirabilis Jalapa. 

4. Intra-cambium libriform ring with parenchyma rays. 

Eleventh group. Rays formed of elongated cells. Vinca major. 

Twelfth group. Typical dicotyledons with medullary rays. 

2 McGosh has given the angles in a large number of plants, a few of which 
are here cited : Ash, 60'^ ; horse-chestnut, 50° - 55®; alder, 50° ; elm, 50°; oak, 
large branches, 50°, small branches, 65°“ 70° ; beech, 45°; linden, 40°. He calls 
attention to the fact that in these and many other cases the angle atwvhieh the 

13' ■ 
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in determining the actual force exerted upon the fibres at the 
base of the branch.^ 

534. The jiart which sclerotic parenchyma and thickened 
epidermal and hypoderinal cells play in afibrding sti’ength to 
plants need only be alluded to (see 211). In a few cases, 
especially in some succulents, a considerable share of the me- 
chanical support of the plant is afforded by the more superficial 
parts.” 

63o. The veining of leaves and the structure of leaf-margins 
present some interesting problems. Comparative investigations ® 
have shown that strength at the edge of the leaf is obtained in 
very different ways, even in closely allied plants. The resist- 
ance to tearing which is exhibited by some of the larger leaves 
of dicotyledons is remarkable. 

. , . The distribution of the strong ribs in the leaves of the greater 

water lilies (for instance, Victoria regia), and to a less slrikino- 
extent that in the smaller water lilies of cold climates, secures 
great strength with the utmost economy of material. 

Ihe trunks of many tropical trees are provided with lateral pro- 
jections (buttresses) which strengthen the stem very materially.'* 



veinlets come off from the midrib is the same as that formed by the branch and 
the tmiik. Tlie angles in the above ea.ses are those formed above the points 
where the brandies arise (British Assoc. Eeport, 1852, part ii. p. 68). 

1 Very instructive illustrations of the different capacity of dillerent trees to 
resist the action ot high winds are given in the Reports of the Signal Service. 

- hull and interesting accounts of the adaptations of the framework to the 
HaberianTr^'*^””* of plants are to be found in the works of Schwendeiier and 

! )y“to™«er: Monatsber. derk. Akad. d. Wissensoliaften Berlin, 1881 
« , , columns, hut they differ from each other more 

than do the coliimus oi Gothic, Greek, and Egyptian temples. Some are 
almo.st cylindrical, rising up out of the ground as if their ha.se3 were eoiieealed 
by accumulatious of the .soil ; otheis get much thicker near the gi-ound like 
our spreading oaks ; others again, and these are very characteristic, send out 
towards^the base flat and wing-like projectioms. These projections are thin 
slabs radiating from the main tnmk, from whicdi they stand out like the but- 
tresses of a Gothic cathedral. They rise to various heights on the tree, from 
hye or six to twenty or thirty feet ; they often divide as they approach the 
ground, and sometimes twist and curve along the surface for a considerable 
distance, forming elevated and greatlj- compressed roots. These buttresses are 
sometimes^so large that the spaces between them if roofed over would form 
imts capable ot containing several persons. Their use is evidently to give the 
tree an extended base, and so assist the subterranean roots in maintainiim in 
an erect position so lofty a column, crowned by a broad and massive head of 
Dranches and foliage (Wallace: Tropical Nature, 1878, p. 30). 
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CHAPTER VI. 

PEOTOPLASM AND ITS DELATIONS TO ITS SUEEOUNDINGS. 

536. Upon the framework which imparts strength to the 
plant the active, living cells are distributed. In old ligneous 
clicot 3 dedonoiis plants the Imng parts are relatively so super- 
ficial that they have been said to form a mere film of living 
tissue held in place by a dead skeleton.^ 

537. The living ceils are those which contain protoplasm. 
Each of these cells has definite relations to the neighboring cells, 
most of which relations have been presented in Part I. But each 
of these cells has also definite relations to the external world, 
which it is the province of Physiolog}" to investigate. Such an 
investigation iiatiiralU begins with a consideration of the char- 
acter of protoplasm. 

1 “The living parts of a tree or shrub, of the exogenous kind, are obviously 
only these : 1st, The summit of the stein and branches, with the buds which 
continue them upwards, and annually develop the foliage. 2d, The fresh 
roots and rootlets annually developed at the opposite extremity. 3d, The 
newest strata of wood and hark, and especially the interposed cambium-layer, 
which, annually renewed, maintain a living communication between the root- 
lets on the one hand and the buds and foliage on the other, however distant 
they at length may be. These are all that are concerned in the life and growth 
of the tree ; and these are annually renewed. ... The plant is a composite 
being, or community, lasting, in the ease of a tree, through an indefinite and 
often immense number of generations. These are successively produced, en- 
joy a term of existence, and perish in their turn. Life passes onward con- 
tinually from the older to the newer parts, and death follows, with equal step, 
at a narrow interval. No portion of the tree is now living that w’-as alive a 
few years ago ; the leaves die annually and are cast off, while the internodes or 
joints of the stem that bore them, as to their wood at least, huried deep in the 
trunk under the wood of succeeding generations, are converted into lifeless 
heart- wood, or perchance decayed, and the hark that belonged to them is 
thrown off from the surface. It is the aggregate, the blended mass alone, that 
long survives ” (Gray’s Structural Botany, pp. 83, 84.) 




196 


PEOTOPLASM. 


538. Protoplasm^ the living matter of the' plant, can^ be ex» 
ariiined to advantage, either as it exists ■ without a cell- wall in 
some of the lower organisms (Myxomvcetes) , or confined within 
a transparent cell-wall, as in young plant-hairs. 

539. The Myxomyeetes live in the interstices of moist porous 
substances ; for instance, decaying leaves and stems, spent tan, 
etc. Passing over all details regarding their friictificatioiiv — a 
subject to be looked for in the volume on Cryptogamic Botany,'’ 
— their present examination can begin ’with the period when the 
germinating spores of these plants rupture their walls, and 
become confluent as masses of naked protoplasm known as 
plasmodia. 

540. The plasmodlura of iEthaliiim septicum is not difficult 
to procure, as it occurs in summer upon heaps of moist tan in 
the opou air, and even during the winter in moist places in 
greenhouses whei'e tan is used as a stratum for flower-pots. It 
is a soft, gelatinous mass of yellowish color, sometimes measur- 
ing several inches in diameter. Removal of any portion of this 
mass to a glass slide is apt to break up the pMsmodiiim so much 
as to render it useless for observation ; therefore the following 
explicit directions given by Strasburger for obtaining small por- 
tions to examine will be found iisefuL A tumbler is to be filled 
with water up to the brim, and from the brim a strip of moist 
filtering-paper, somewhat less than an incii in wfidtli and one or 
two inches in length, is to be stretched to the top of a glass slide 
placed in a vertical position (or, better, leaning a little out- 
wards); the lower end of the slide being placed in sand to catch 
the water which will soon begin to flow slowly over its surface. 
Next, a piece of bark with the plasxnodium upon it is to be 
placed at the foot of the slide, the whole covered with a bell-jar 
and a dark cover of pasteboard, and from time to time the 
water in the tumbler replenished. In the course of ten or twelve 
hours some of the protoplasmic mass will climb up the slide in 
the form of delicate threads, which branch more or less and con- 
stitute a sort of network. The slide is then transferred to the 
stage of the microscope, care being taken (1) to use onl}' a 
little light, and (2) to avoid any pressure by the cover-glass. 
The latter may be prevented by fragments of glass placed under 
the corners of the cover-glass; or, better still, the cover-glass 
may be fastened on the slide by means of four roiniite drops 
of cement, lea\dng its side exposed, and then the slide, thus 
furnished with a cover, placed in the nearly vertical position al- 
ready advised, when the plasmodium will creep under the cover, 
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and be all ready for examination, with no disturbance whatever. 
If the plasmodium is allowed to creej) over the face of a slide 
placed horizontally, it is apt to be too thick for a demonstration 
of some of the points which are now to be referred to. 

541. Chemical and physical properties of protoplasiiu When 
the plasmoclia of iEthalium septicum collect in large masses on 
the surface of spent tan, they afford good material for the exam- 
ination of some of the chemical and physical characters of pro- 
toplasm ; but there is, of course, the serious objection that it 
is impossible to obtain the protoplasm in a state of absolute 
piirit}". Upon such material, however, Eeinke and Rodewald ^ 
have conducted some instructive experiments, the principal re- 
sults of which are detailed in the following paragraphs. 

542. The organic substance of the protoplasm of iEthalium 
proved to have the following elementary composition : ^ — 



Per cent, air-dried 
substance. 

Per cent, dry 
substance. 

First ^ 
analysis. 

Second ^ 
analysis. 

\a. . . . 

if; : : : 

fa . . . 

if ; : : 

38.56 

5.82 

5.63 

38.61 

5.99 

5.39 

•40.52 

6.10 

5.91 

1 40.47 

i 6.29 

1 5.65 


In both analy 

ses oxygen is a fourth constituent. 


1 Stiidien iiber das Protoplasma, Berlin, 1881. 

2 The composition of the air-dried substance is approximately as follows'; 

Water 4.80 

Pepsin and Myosin . 1 .00 

Vitellin . .... 5.00 

Plastin . . . . . . . ...... . 27.40 

Guanin \ 

Xanthin > . . ... • ....... . .01 

Sarkin ) 

Ammonic carbonate . . . ... * . - • . .10 

Asparagiii and other amides 1.00 

Pepton and Peptonoid . . .... • • . 4.00 

Lecithin . , ... . . .... • . • .20 

Glycogen . .... . . ... • • • 4.73 

J5thalmm sugar . . * • .... . . . 3.00 

Calcic compounds of higher fatty acids * • . 5.33 

Calcic formate ) .42 

Calcic acetate f ’ * * 

Calcic carbonate . . . . . . . ... . 27-70 

Sodic chloride ..... . . . . • • * • *10 

Hydropotassic phosphate (PO4K2H) . • . . 1.21 

Iron phosphate (PO^Fe ?) . . . . • • • • • -07 
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543. One bundred and seventj-nine grams of fresh proto- 
plasm of a soft consistence were placed in closely .woven linen 
cloth and subjected to pressure by the hand ; 58 grams of a 
turbid fluid were expressed; the mass was then placed under 
a pr<‘ss!ire of 4,000 kilograms,- by which 62 grams more, were 
furc(Hi out, leaving a dry cake behind. Thus 66.7 per cent 
of the nuiKs was pressed out. The fluid thus expressed has a 
Bpecifie gravity of 1.209. That this fluid is intimately incorpo- 
ra te«l with the more solid portion of the protoplasm, appears from 
the fact that it cannot be forced from the protoplasm cen- 
trirugal force alone. To it the name encliylema has been given ; 
to the solid matter, the name stroma is appliealfle. The amount 
of' water c'untiiined in fresh protoplasm of ^Ethalium septieurii 
is approx iinatA‘Iy 71.6 per cent. 

Tile i*t‘actioii of protoplasm is alkaline. 

544. In young cells the protoplasm exhibits essentially the 

.same characteristics as those presented lyy the naked protoplasm 
of lilt* M 3 'xoroycetes already alluded to. The phenomena in ceils 
can be most satisfactorily seen in thin’W’alled plant-hairs. These 
should be transferred to a glass slide wutli as little injury as pos- 
silfle, eovej*ed immediately wdth pure water, and examined under 
a cover-glass whicli is prevented by bits of wax or thin glass 
from pressing on the delicate object. The stamen-hairs of Trad- 
escantia Virginica, pilosa, or zebrina are the best, for in these 
the ci‘l]s are sufficiently large to be managed without difSculty, 
and the walls are perfectly transparent The cells in the thin 
leavcfs of many water-plants answ'-er very well, l3ut they generally 
contain so much chlorophyll that the protoplasm is obscured. 
Tlu‘ hairs of the ilowers and of the 3 ’oung leaves of plants of 
the ( lourd family and those of the are also excellent 

objncds for study of protoplasm ; and in general it may be 
said that almost any plant-hair, if it is .young enough and has a 
thin wall, will serve very, well (see Fig. 175). 

545. p!*oto{.)lasm in cells exists as a nearty colorless mass 


Ainnionio-iaagmsic phosphate . ... . . 1.44 

Trh'iileic phosphate . , . . .... ... .91 

Oiloic oxalate . . . . , . . . , . , . . .10 

Ohlolesterin . * . 1.40 

Fatty acids extracted by ether . . .... 4.00 

Resinous matter . ■. .■ . . 1.00 ' 

Olyemn, eolorhig-matter, etc. . 18 

T’ndetermined raatteiii » . . . . . . . . 5.00 

1 Hwiiey : Protoplasm (Half Hours with -Modern Scientists, 1871). 


MOVEMEKTS. 


199 


lioiiig the walls and extending irregiilarlj’ from side to side in 
slender threads. At some one part the mass appears a little 
denser than at others, and if the outline of this firmer mass is 
at all well defined it is easily recognized as the nucleus (see 
Fig. 2).^ ' 

546. Circulation of protoplasm in cells. Under a power of 
SOO diameters the delicate threads of protoplasm can be elearlj’’ 
seen to have imbedded in them minute granules whieb are slowly 
moving. It happens sometimes that a slight w^arming is re- 
quired before any motion is apparent. When the current is fully 
established, its clifferent changes can be watched for a long time 
without other disturbance of the specimen than that resulting 
from the addition of water to rei^lace that lost by evaporation. 

Two features of the motion require special notice: (1) the 
granules do not pass from one cell to the contiguous one, but 
remain confined in one ; (2) the threads in which the granules 
move gradually change their shape and direction, growing wider 
in one place and becoming narrower in another, while at the 
points of contact with the lining of the wall the threads seem to 
slip or glide very slowly, and accumulations of the protoplasm 
liere and there take place. The movement of the granules from 
place to place in a steady ciirrent is called the circulation of 
protoplasm ; the sluggish changes of the threads as they alter- 
nately increase and diminish in size resemble the amoeboid 
movements (see 555 and Fig. 175). 

547. In some examinations it is instructive to add a very 
little glycerin or sugar to the water on the slide, in order to 
cause a slight contraction of the protoplasm ; its whole mass 
then appears as a siirimken sac, in the interior of which the 
circulation can be detected. 

548. In a good specimen of the stamen-hair of Tradescantia 
the protoplasmic currents are seen to course in slender threads 
with a consideral)le degree of regularity. In some of the 
threads or bands the currents go in one direction, in others in 
another ; and it occasionali}" happens, as Hofmeister has pointed 
out, that two opposite currents may pass in a single narrow 
channel. 


549. There is more or less accumulation of protoplasmic 
matter in the immediate vicinity of the niiclens, and there are 
generality some slight projections into the interior of the cell. 
The rate of circulation appears to be greater at the middle of 
the threads than at the sides or ends of the cell. 

550. If these movements in a cell are compared with the 
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iiit)V6iii6iits by nBik6d[ protoplEsiUj no substEHtiEl dil** 

fi^ruiitie'caii be seen beyond that wMcb depends upon the con* 
firieiiient of the raass in one case within praeticalij rigid walls. 
The naked protoplasm moves slowly from. , place to place, by 
thrusting out an irregular projection which soon enlarges, and 
in its turn gives out jxew projections, while the mass beMiid is 
slowly moving up. This movement is identical with that observed 
in the anneba. In the substance of a mass of naked proto- 
I'dasm granules can be seen to move m vary mg channels 5 and 
this corrc‘sponds strictly to the movement known as the circu-, 
latloiK Moveovar, in tlie naked p,rotoplasra larger o.r smaller 
vacuoles {^vq 120) are observed to increase and diminish in size, 
llic'lr limiting walls answering essentially to the threads before 
dcHcribed. 

u5!. Eetatlen of protoplasm, in cells. The film of protoplasm 
In cont-act witii the cell-wall does not generally share in the 
inoveinent of tlie softer part whieli it encloses, but usually re- 
mains entirely stationary, or else very slowly shifts its posi- 
tion on the wall. In some cases,, however, the whole mass 
of ])i'oto|')lasm slowly I’evolves on its owm axis, carrying with 
it all iml>edded matters. This movement should be called 
T< it avion ; but the term is often employed interchangeably^ with 
circulation. 

552. Elite of protoplasHilc morements# In the cells of the 
shaft of any Chara which has transparent walls — for instance, 
Nitella — tlie rapid movement can be very clearly seen to be 
confined to the interior of the protoplasm, the outer part in which 
ciiloro}>liyii-graimles are imbedded not moving to any great ex- 
hmt.., if Indeed at all ^ At its interior the protoplasm moves with 
wdiat seems under the microscope to be a very' rapid, rate ; it is, 
}iow(*ver, absolutely very slow; being only" about one and a half 
millimeters |)er minute, at a temperature of 15” C. 

553. Tho rate differs- considerably in different plants ; for 
instaiK‘e, a(*(x>rding to several observers, the distance traversed 
in one mimitc* at a temperature of 15® C. is as follows : — 


Name of plant. 

Fotaraogoton crispiis, leaf-cell . , 
CeratCifAyllwu demersiam, leaf-cell 
I'radescaiitia Virginiea, gtamen-hair, 
Sagit taria . sagittiefolia . 

yallisTieria. spiralis' ■ ■. ' . 

; ..tly^drocliaiis . Ilorsus-rariffij - 'root-hair 
Nltdlii flexilis, of tho shaft , : 


'mm. 

Obserrer. , 

,009 . • . 

Hofmeister. 

.094 . • .' 

Mohl.„ 

.137- 


.174 . . , 

Mohl 

.225-1.086 . 

.MoliL 

.543 


1.50O-L0O0 , 

Kageli . 
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In the naked protoplasm of M 3 ’xomycetes the rates of move- 
ment of the currents are much greater, as Hofmeister shows hy 
the following examples : — 

mm. per minute. 

Bidymium Serpula 10, 

Piiysarum species ........... 5.4 

554. The above rates are not constant even in the same speci- 
meii; after having been uniform for a few minutes, the rate 
may slowly diminish for a time, the temperature and other con- 
ditions remaining apparently unchanged, and then as slowly 
increase until the maximum is again reached. Again, the rate 
is subject to sudden changes. In general, however, it is nearly 
the same for the same part of a given plant. 

555. The ainoefooid movement in naked protoplasm is rather 
more sluggish than the circulation, as the following figures from 
Hofmeister show : — 

mm. per minute. 

Didyinium Serpula .......... 0.4 

Physarnm sp. . 0.29 

Stemonitis fusca . . . . . . . . , . . 0.15 


The far more rapid movement of ciliated protoplasmic bodies 
will be described under ‘•‘Movements.” 

556. The effects upon protoplasm of various agents — for in- 
stance, heat, light, electricity, etc. — can be studied in the same 
cells ill which the movements are observed ; in fact, their effects 
upon the movements themselves are among the most striking 
phenomena noticed. It must be remembered, however, that in 
experimenting upon the protoplasm in cells which are furnished 
with a cell-wall and provided with cell-sap, other factors are 
present than those which must be taken into account in deal- 
ing with the naked protoplasm of plasmodia. And hence it is 
proper in most cases, in interpreting the results obtained in 
experiments upon the protoplasm of cells, to speak of the efibcts 
of the agents upon the cells* themselves. 

557. Eelations of protoplasm to heat* In experimenting upon 
the effect of heat on protoplasm, the appai^atus generallyr em- 
ployed is the so-called warm chamber. In its simplest form this 
consists of a hollow- walled box, having a slit in which a slide 
can be placed, and at the centre of the upper and lower walls 
holes of the same size as the largest diapbragm of the micro- 
scope, so as to allow light to pass from the mirror directly 
through the slide and thence to the objective. Connected with 
the box are two tubes to whicli pieces of rubber tubing may 
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' be'^attacliecl';, these pieces ran to a small reservoir of water which 
cmiibe heated at pleasure by means of a, spirit-lamp, as shown 
ii:i the f!go,re. Suppose a slide to have upon it a good specimen 
of a. stamen-hair of Tradescantia, furoislied with siiffieieiit winter 
aiKi properly covered, ; It 'is placed ,iii the aperture./ of the 
l:io,llow, bos, ami the '.rest of the apparatus 
Is then arranged as shown in the cut. ■ The 
rale of einiilatioa of the protoplasm is now 
cnr 4 ‘ruliy oltscrved, and' the temperature fW 
felmwii i)y the thermometer ^ is also noted. ||I 
Witli increments of heat from the upward |||jl ^ , 

ciimmt of* water through the tube and |l|l 


through the 1 k)x the rate of the protoplasmic circulation is !n- 
creuBed. The amount of heat applied can be eusilj regulated 
by the height of the reservoir. ■ If it is desirable to observe the 
effects of cold, the reservoir caU' be placed in a vessel of ice and 
raised above the stage of the microscope, so that a current of 
cold water cfin flow down through the box. 

r>.“>8. Ex|wn*!ments upon . the effect of heat can also be con- , 
veniently conducted bji means 'of a less expensive apparatus 
which consists of a double-walled box of zinc placed on firm 
su|>ports at the lieight of a few inches above the table, and large 
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eQoagli to receive the body of the microscope. Through a hole 
in the top of the box the tube of the microscope projects for a 
short distance, and the front of the box is furnished with a glass 
window, which affords enough light for the mirror. The space 
between the walls of the box having been filled with water, and 
the object placed on the stage of the microscope, a lamp under 
the box is lighted, and the effects of the increase of temperature 
noted. It is best in this case to have the thermometer in the 
closest proxim% to the slide. It is essential in the use of both 
these instruments to note the temperature at short intervals, 
and it is only lyy the greatest care in the use of the thermometer 
that any trustworthy results can he obtained (see Fig. 170). 

559. As might be expected from the natime of heat as a mode 
of moiecAilar motion, the rate of protoplasmic movement is 
accelerated hy increase of temperature up to a given point (the 
optimum) ; with increase beyond this point the movement may 
continue, but with diminislied rapidity, until an upper limit of 
temperature (the maximum) is reached, above which no move- 

. merit is observable. At or very near this limit structural changes 
take place, and death of the protoplasm speedily ensues. 

560. The optimum temperature for protoplasmic movement 
is different for different plants, but is not far from 37°. 5 C. 

Name of plant. Optimum temperature. Observer. 

Nitella syncarpa . , . . . 37® dfao'eli.^ 

Ohara foe tida . . . . . . . 38®.! . • . . . . Velten.^ 

Valllsneria spiralis • - . . . 38®. 75 «« 2 

‘‘ ..... 40® Saclis.5« 

Anacharis Canadensis ... . 36®. 25 ...... Telten.^ 

561. The maximum temperature beyond which no movement 
is seen, is also different for different plants, but may be given as 
not higher than 50® C. 

Name of plant. Alaximiim. Observer. 

Gliara foetida . , ... , . 42®. 81 . , . . , . Velten.'*^ 

Vallisneria spiralis . . . . . 45® ... . , . 2 

... . . 50® . ..... Sachs.s 

Sachs ^ states that when the hairs of Cucurhita Pepo are im- 

mersed in water of 46® or 47® C. the protoplasmic movements 
are arrested within two minutes; but that the hairs can bear 


^ Beitrage z. wiss. Botanik, 1860, ii. j 
^ Flora, 1876, p. 177 et seq. 

® Flora, 1864, p. 5 et seq, 

4 Lehrbnch der Botanik, 1874, p. 700. 
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rr’Tr.“o" s^err.'^.^r 

“iM Th, Io«er limit (minimum) of temimr.tute nt which 
mkc. pirn* «.y 1» .f« .t 0“ C., .Ithough -2 Ims 
been obnerved ‘ in a single plant, — Nitella syneai pa- 

uJ^T^mper.ture of at least 15° C. is attained, tbe move- 

“TeV" Sudto changes of temperature have been said by some 
w^ rs to caLe a teV™ry arrest of toe 
ment Thus de Vries® observed that in toe ^ 

charis Morsus-rante toe protoplasmic curren . _ ' ‘ ],„t 

rapid that it passed through one milhmetei in 20o 

meistor“‘ found that the rapid movement in 

^rre^ted in two minutes when the specimen was taken fio m a 

^rfat 18°.5 to one at 5°. But, on the other hand, \elten 

"■"SrAt ofirtt ra^ mum temperature remarkable changes 
take place in the form of toe protoplasmic threads and fihm . 
Ttov become more or less ronnded, although very irregularly, 
Id',‘r”compl.tdj dl.iumg»ma. Such chmyc, hue, b„» 
Lted by Max Sehultze^ at a temperature of about 40 C. ni 
the hairs of Urtica, toe stamen-liairs of Tradescantia, and the 
leaf-cells of Vallisneria. According to Kiihiie, 
take place within two minutes in toe plasmodium of Xtbahu i 
sepk’um (sec 540) at a temperature of 39° C. ; toe plasmodium 
of Didymiuni scrpula was affected m the same way at a con- 

siderablv lower point, namely, 30 0. , • * 

aS. When subjected to a temperature lower than the mini- 
mum for movement, toe protoplasmic mass may bec»ine disin- 
tearated. the solid part separating from a watery portion, wliicli 
latter may freeze.’ If, now, very gradual increments of heat 


1 Botan. Zeitnng, 1871, p. 723 (Cohn), 
s Archiv. IT&rlandaises, v., 1870, p. 385. 

» Die Lchre von der Pflanzenzelle, 1887, p. 53. 

4 Flora, 1876, p. 213. iqbo „ as 

* Diis Protoplasma d. Ehizopoden und Pflanzenzellen, 1868, p. 4S. 
« Untersnehungen iiber das Protoplasma, 1864, p. 87. 

1 Untersnehungen fiber das Protoplasma, 1864, p. 101. 
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are applied, the disorganized parts may become reunited, and 
after a while the movement may begin again. No such recovery, 
however, is possible when the protoplasmic mass has become 
disintegrated by a high temperature ; the change thus produced 
is practically coagulation.^ 

566. The temperature of certain hot springs in which living 
alg® have been found shows that protoplasm can bear without 
injury a greater degree of heat than is indicated by the figures, 
in 561. Thus algm have been seen in the following thermal 
waters — 

Temperature. Observer. 

Carlsbad , . , . . 63°.7 C. . . . . Gohu.^ 

Lip Islands .... ... . Hoppe-Seyler.® 

Dax . . . . .. 57°. . . . . Serres,^ 

California Geysers . . 93° .... Brewer.*» 

Hoppe-Seyler found algae growing on the edge of a fumarole 
where they were subjected to a temperature (from the escaping 
vapor) of 60°. ® 

567. That the protoplasm of many kinds of seeds and spores 
can preserve its vitality during exposure to dry air at a tem- 
perature above that of boiling water has been shown by many 
experimenters;^ but unless the precaution is taken to remove 
all water from the seeds by very careful and slow drying, any 
temperature above 100° C. is injurious. Seeds thus cautiously 
freed from moisture have been heated to 110°, and even for k 
short time to 120°, without losing their power of germination 
(see also Germination”). Nor does there seem to be any es- 
sential difference between the seeds which contain oils and those 
which contain starch in their capacity to endure high tempera- 
tures, Hoffmann ® and Pasteur ® have shown that the vitality of 
perfectly dry seeds and spores may in some cases be retained 
until a temperature of 130° C. is reached. 


^ Pfeffer : Pflanzenphysiologie, 1881, ii. p. 386. 2 Flora, 1862, p. 538. 

3 pauger’s Archiv., 1875, p. 118. * Botan. Centralblatt, 1880. p. 257. 

^ Am. Joiirn. Sc. and Arts, 2(1 series, xli. 391. 

® Piliiger’s Archiv., 1875, p. 118. 

A much higher temperature is noted by Humboldt ; namely, 85® C. for the* 
hot spring of Trinchera, Caraceas, in which he found the roots of certain plantS’ 
growing. 

Milne Edwards and Colin ; Ann. de.sSc. nat., sdr. 2, tome i., 1834, p. 264;* 
Sachs’s Handhuch der Experimental- Physiologie, 1865, p. 65 e£ seg. ; Just, io’ 
Cohn’s Beitrage zur Biologie der Pflanzen, 1877, p. 311. 

8 Pringsheim’s Jahrb., 1860, p. 324. 

® Ann. d. Chimie et de Physique, 1862, p. 90. 
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afiS. On tlie other hand, the protoplasm of dry seeds can he 
subjected to extremely low temperatures without suffering any 

iniiirv (see “Germination”)- . 

M;9. The relations of protoplasin to light are best examined m 
the Plasmodia of the myxomycetes and the hairs of Tradescantia, 
for here tliev are not complicated by the presence of chlorophyll 
(which, as will be seen later, exerts a marked influence). Ac- 
cording to llofmeister, Plasmodia thrust forth longer and more 
mimerons processes in darkness than in light. In Jithalinm sep- 
ticuni the processes developed in light are short and compressed, 
whiles those g’rown in darkness are long, slender, and' thin. 
This is espw-ially noticeable when the light falls only on one 
side of the mass. In some of Baranetzky’s experiments, m 
which tlie incident rays of liglit were parallel to the substratum 
(ivet filtering-paper) on which the plasraodium was placed, the 
cliaiure of form resulting from dirainislied extension on the 
lioiited side and increased extension on the other^was very 
niarked after fifteen minutes’ exposure to bright sunlight, while 
in diffused light half an hour was required for a similar change. 
Tliese results should be compared with those obtained by 


' T)i(‘ I.«lirc von der Pflariitenzelle, 1867, p. 21. 

2 MihuoiroFi <le la soc, des sciences nat. de Glicrhourf*;, 
liowever, well knowTi that plasmodia often einern;e st 
stratmn ; for instance, tan, if the surface is only vin'y fa 
® Jenaische J^ettsehrift, 1878, p. 620.- , 

4 Sachs; Botan. 7AU 1868, Supplement* Keiiike 
Kmtis; ilnd., 1876, p. 504. Few ohservations have be 
effect upon protoplasmic movements of sudden chaiise? 
the case of an amodia (Pelomyxa palustri.s) Bn^elina 
and not its sudden withdrawal, appeared to e.vert a sti 
d%iM(mphysblogie,di. p. 
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movement, as distinctly in hairs which had been developed in 
darkness, and had remained without light for thirty liours, as in 
any which had grown in the open dajdight. According to Da- 
trochet, it requires a withdrawal of the light for about twenty 
days to cause an entire cessation of the movement in Chara. 

The effect of very intense light, and the influence exerted 
it upon protoplasm containing chlorophyll, will be examined 
under ‘‘ Assimilation.” 

572. Relations of protoplasm to electricity. Chemical changes 
within the plant result in the production of electrical ciirrents in 
protoplasm ; at this point it is proper to examine briefly the 
effect produced upon protoplasm by continued and induced 
ciiiTeiits. 

When the plasmodium of a myxomyeete is placed between 
platinum electrodes on a glass slide under the microscope, and 
a current sent through the mass from one small Grove element, 
veiy little if any effect is observable ; but if the current from a 
few elements is employed, there is at once more or less rounding 
of the branched mass, and there may also be a reversal of the 
course of the circulation. When more elements are used, the 
protoplasm ma}" be killed. If the protoplasm in cells be experi- 
mented upon, nearly similar phenomena are noticed. Protoplasm 
is not a good conductor of electricity. Jiirgensen made some 
experiments on the action of a current from small Grove ele- 
ments upon the leaf-cells of A^allisneria spiralis. A continued 
current from one element did not cause any" appreciable change 
in the protoplasmic movement ; but when two, three, or four 
were employed, the current retarded the movement, and after 
a while completely arrested it. In those eases where the move- 
ment had been simply checked, it was re-established in full in- 
tensity shortly after cutting off the current of electricity ; but in 
those where it had been entirely stopped, it did not begin again. 

573. The effect of an interrupted current of electricity is 
essentially the same as that produced by mechanical shock. 
The protoplasm generally contracts at certain points forming 
small roundish masses in the lines of the slender threads, and 
the movements are arrested. 

574. TIofmeister states that a constant current is practically 
without any influence upon the circulatory movement in the cells 
of Chara, but that the interruption of the ciin*ent produces 
nearly the same effect as a sudden mechanical shock or a sharp 
change of temperature. He observed essentially the same phe- 
nomena in the liairs of the nettle, although in these there was 
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also more or less of the aggregation into rounded masses aUuded 

'°S5!'^The effect of mechanical irritation upon P>-otopla^ m 
Dl-mts can be easily examined in cells or in plasmodia. ^\ hen 
!; S of Nitella which exhibits rapid circulation oi protoplasm 
is held somewhat firmly by pressure on the cover-glass, the 
m.n-ciucnt is arrested instantly, but after a short time it is 
resumed. Even in those cases where the pressure has been 
suflleiont to disturb the arrangement of the f 

the arrested motions are soon to be seen again. _ -1^ 

meiits upon the ell'ect of pressure and shock, the stamen-hairs of 
TrailcscLtia are even better than cells of Nitella or Cbara, 
Ibr pressure brings about an apparent dismtegiatmn ol _ 
threads, and all motion is suspended for several minutes , but if 
the iniurv lias not been too severe, it soon begins again. How 
far such 'injuries can be carried without affecting the vitality of 
the protoplasm, may bo seen from the following observations. 

According to Gozzi,^ if a cell of Chara is ligated lirml 3 , the 
dreulation is checked for a short time, and then begins m each 
half of the cell. It is stated by Hofmeister that when a loot- 
hair of Ilvdrocharis Morsus-rame is severed, the protoplasm m 
the cell remains motionless for a short time, during which the 
cut surface of tlie cell is being closed by a 

plasmie mass. When the surface is completely closed, the cir- 
culation begins again within the healed cell. ^ 

57G. RosanofTs observation,^ which has been repeated many 
times, is of ranch interest in connection with this subject. 
When a cell from the endosperm of Ceratophyllum denaersum, 
liaviiig rapid circulation of protoplasm, is placed under the mi- 
crestope. and a slight pressure is exerted on the coyer-glass 
for a moment, the circulation stops at once, the thick axile 
tlmauls of protoplasm begin to round at one or more places, and 
from the aggregations slight processes, somewhat like tenta- 
cles. appear. After a while these are retracted, and the normal 

circulation is resumed. But sometimes it happens that these 
tentacles become separated from the threads to which thej' be- 
long, for a time lie without movement near them, and then 

become again confluent with them. ^ ^ 

: Mechanical shodc ® causes' the actiye plasmodia of the myxo- 


1 Quoted by Hofmeister in Die Lebre von der Pfianzenzelle, 1867, p. 60. 
^ Bio hebre von der Pflanzenzelk, p. 51. 
a Hotoeistor: Fto^nzelle, p. 26, 
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Kij^eetes to become rounded into tlie form of somewhat flattened 
drops, from which slender branches protrude after a short time. 
If pressure is now made upon those portions of the branched 
plasmodinm in which circulation is to be seen, the movement 
stops at once, and is not resumed for two or three minutes; 
but after that period of rest it goes on as before. 'When a 
plasmodinm is cut in halves, the circulation is to be seen after 
a while in the separated portions^ 

, 577. Eelations of protoplasm to gravitation. . Concerning the 
influence of gravitation on the form assumed by protoplasm, it 
need only be said here that the less dense plasmodia appear some- 
times to yield to this force. But Pfefler - found that in a saturated 
atmosphere the piasmodium of iEthalium moved in the dark with 
equal freedom whether the moist bibulous paper on which it rested 
was held horizontally or vertically ; Strasburger ^ also has noted 
the same fact. If one part of the paper is more moist than an- 
other, it is to the very wet spot that the piasmodium wanders. 

578. Eelations of protoplasm to moisture. The relations of 
water to the activity of protoplasm are not yet thoroughly under- 
stood. It has been seen (577) that there is a tendency of plas- 
modia to move to the points where there is the most moisture; 
and in general it may be said that a large amount of water is 
favorable to all protoplasmic movements. Thus Dehnecke^ 
found that the protoplasm in the cells of the collenchyma of 
Balsamina exhibited no circulation until the section had been 
placed in water ; and the same phenomena can be shown in 
sections of many active plants. 

On the other hand, Velten has shown that in some cases the 
protoplasmic movement stops when a plant-hair is placed or kept 
for a time in water, but is resumed if it is transferred to a dilute 
solution of giiiii-arabic, although the protoplasm was furnished 
with a greater supply of water in the former than in the latter 
case. 

579. Some harmless plasmolytic agents (see p. 27), for in- 
stance a dilute solution of sugar, added to the water in which the 


1 Pfeffer : Pflanzenphysiologie, ii. 390. 

2 pfeffer : Pflanzeiiphysiologie, ii. 388. 

^ Wirkuiig des Lichtes auf Schwarmsporen, 1878, p. 71. Behnecke (Ueber 
niclxt assimilireiide Chlorophyllkorper, 1880) lias shown that the various 
bodies wbicb occur in protoplasm of cells — for instance, chlorophyll granules, 
starch-grains, and the like — have a marked tendency to sink to that part of 
the cellulose wall whicli is lowest The change of position takes place some- 
times in a few minutes, sometimes only after several hours. 

Flora, 1881, ]>. 8. 
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t .loam rtf the cells of Tradescaiitia stamen-hairs is exhibit- 

!”'S" ,1 In » tacnensn in .to 

Tti f ct has been considered to show, in connection with the 

f-ises raentionecl, that for the most rapid circulation ot proto- 

Sm ErmiSlx, a deMte amount of water, -the optimun. ^ 

^ 580 "When any of these plasmolytic agents aie used in too 
concentrated a solution they may exert a much more 
!j;!ct upon the protoplasmic contents^of a cell ; no on y does 
nil movement cease, but the mass shrinks into smah bulk, and 
does not afterwards recover its former shape and size. As a 
ro-sult of their action, two other phenomena are presented : (1) the 
nrotoplnsmofonecell can be seen in some eases to be connected 
IhroiiLh tlie cell-wall with the protoplasm in the adjoining cell; 
(9) a'change takes place in the firmness or turgor of the cell- 
wail. both of these phenomena must receive attention at a later 
sta-m 'When a cell containing living protoplasm is placed in a 
hamiess and dilute solution of any coloring-matter, tor instance 
lo<rwood, its wall becomes more or less ting«l by the dye, but 
the protoplasm retains for a while at least its power of move- 
ment, and does not take up any of the dye. If, however, the 
protoplasmic mass is injured or dead, it absorbs the coloiing- 

matter with great avidity. . 

o8l. Kclations of protoplasm to various gases. Experiments 
upon the effects of gases on the behavior of protoplasm can 
be best conducted by means of the simple gas-chamber shown 
in Fio'. 195. A current of the gas employed is drawn througu 
the tube a by means of any simple aspirator; and in a few 
seewnds the specimen previously placed upon the glass at 6, 
and protected by a cover-glass, is thorougldy surrounded by 
it. By the use of this apparatus it has been found that the 
iire.seiice of free oxygen is essential to protoplasmic movements. 
Ilofmcister and Kahne have shown that when this gas is no 
longer supplied to the protoplasmic mass or to the celk in 
which the protoplasm is contained, all movements cease, llius 
Hofmeister' found that the circulation of Nitella was completely 
arrested in thirteen minutes after the air was wholly removed. 
Kiihne=“ replaced by hydrogen the air in which the hairs ot 
Tradescantia had shown rapid movement, and after several 
lioiirs all iiiotion was arrested. ^ ^ 

. 582. ' Corti,® the discoYerer of the circulation in Nite lla, p iacecl 

1 Die Lehre von der Pfianzenzelle, p. 49. 

2 Untersachungen iiber das Protoplasma, 1864, p. 107. 

® Meyen: Pflanzenphysiologie, ii. 224^. 
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cells in which the movements were plainlj^ seen, in olive-oil, in 
order to exclnde the air. A short time after this was done the 
movement stopped. In Hofmeister’s ^ repetition of Cortfs ex- 
periment the arrest of the protoplasmic movement occurred in 
five minutes in olive-oil ; after the oil had been carefully poured 
off, the movements recommenced in thirty minutes. 

58B. Ehihne experimented also upon the replacement of the 
oxygen needful for protoplasmic movements by carbonic acid, 
and"^ found this gas much better than oil for excluding air. 
Upon removal of the plant-hairs from oil, it is difficult to take 
away the last trace of adherent oil. 

584. The ordinary aiiues the tics, chloroform and ether, arrest 

the movements of protoplasm.*-^ 

585. The structure of protoplasm. Flaving thus briefl\^ ex- 
amined some of the more striking phenomena of piotopiasmic 
movement, the Cj[uestioii must now be asked, What is tiie stiuc- 
tiire of a substance which exhibits these phenomena? 

By the highest power of the microscope it appears as a homo- 
geneous hyaline mass holding in its substance, but apparently 
as foreign bodies, very minute granules. But when the proto- 
plasmic matter is stained by the skilful use of pigments, its 
homogeneous character disappears. 

586. Schmitz has confirmed and extended the observations 
of Brommann, which show that in some cases at least the pio- 
toplasmic body is a reticulated framework of extremely delicate 
fibrils, between the meshes of which is a homogeneous liquid. 
There is unobstructed communication between the different 
meshes, so that the whole of the liquid may be regarded as 
practically one mass. The network of fibrils does not possess 
any rigidity, but is constantly mobile under favorable condi- 
tions, and undergoes manifold changes of form. The reticulated 
structure is most clearly seen in the parietal protoplasm, and the 
larger bands of cells which contain relatively considerable sap. 

When, after hardening, protoplasm is carefully stained with 
hgematoxylin, the whole mass appears to be equally and evenly 
colored ; but it is in reality only the network which takes up the 
color, the liquid in the meshes remaining uiicolored. 

imbedded in the protoplasm, especially in the inner portions, 
there are generally minute granules which have a high degree 
of refringency, and which stain very deeply with the dye ; these 
are the microsomata of Hanstein. 


r « ■ 


':\ry 
■ it 

f a ’* 


1 Die Lehre von der Pflanzenzelle, p. 49. 

2 Claude Bernard : Legons sur les Phenomeues de la Vie, 1879. 
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587. Up to the present time the microscope has not revealed 
more than these facts resi>ecting the intimate structure of proto- 
plasm, and from these alone no clear conception can be formed 

of the mechanics 1 of protoplasmic movements. 

588. It is lust at this stage of the inquiry respecting the 

stnicture of protoplasm that many have sought to apply an 
hypothesis known as Nageli’s; namely, that all organmed 
bodies consist of structural particles (termed M , each of 

Such is individually enveloped by a film of water holding vari- 
ous substances in solution. According to Ivageh s view, as ongi- 
iiallv given, the micelhe are never spherical, but possess a true 
cnsmlline character, as shown by the relations of orpnmed 
btilies to polarized light.“ These mic ellm are believed to obey 

' 1 llofiiidstcr regarded protopla-sraic movements as directly dependent upon 
in the capacity of living protoplasm for absorbing water, _ shown by 
Tmb’rtinc vacuoles (see 120). In the mass of a plasmodium, or m the fiet 
Lwres oFsome alga;, there are generally to be detected easily under the micro- 
sLik;' minute spherical cavities tilled with watery sap which are conste^ly 
tdianring in size. Their rhythm of change, or pulsation, as it is called, is hfta- 
ent for Afferent plants, varying from a few seconds to as many hours. lew 
meivaseiusrie is usually gradual until the maxinuim m reaclied. when sud- 
denlv the cavity or vacuole contracts even to the point _ of yamshing, and 
then it slowly begins to fonn again at the same place m the niass. li e 
rhythm of the pulsations can be made to vary with changes m the suriound- 
iuKs • for instance, with changes of temperature, or by the application of dilute 
X’ions Tby any agent which modifies the absorptive pow» o proto- 
plasm for water. But these agents are also efficient in controlling the rate 
of nrotoplasmic movement. The spontaneously pulsating vacuoles appear to 
indicate tiiat the absorptive jicwer of protoplasm changes spontaneously, and 
rl rreii^^^ iu Wrant parts of the mass, thus disturbing the 
eiinilibrinm of the soft mass sufficiently to force some portions from place 
uf pla<;e. But Hofmeiater gave no explanation of the cause ot variations m 

‘’‘Vii'ScXtllCSsul^eet (DioStarkekdrner, 1858) Nagcli appUed 
the word mokmU (which had not then obtained such general acceptanct. in 
chemistry and physics, with a diffi-ront signilication) to what he now calls the 
micella. ^ His hypothesis has undergone sundry ^changes from time to time, 
one of his last inlportant pubHcations (Theone der Garung, 1879) oontaimng 

““ThnSSS now proi«Bed by Nageli applies the word pto to_ tho^ 
acr-rrevates of motecnlcs which cannot be increased or diminished vritlmut 
eSnging their chemical nature ; for instance, crystals which contam ^ ^ 

crvstillLtion would be caUed pleons, for the molecule HaO has a definite 
niimerical relation to the molecules of the salts, and examples ot similar pleons 
are alFoxded bv such compound salts as the alums. 

Compare with this the following statement : — , 

“ It has also been a question among chemists whether molecular combination 
was posable ; in other words, whether it is possible for molecules oi different 
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tb.e following attractions : (1) that of cohesion, by which each' 
individual micella is an aggregate of molecules ; (2) that which 
tends to bring adjacent micellae together ; (3) that of adhe- 
sion, b}^ which the surfaces of the micellae retain their films of 

water. ; 


kinds to combine olieinically, each x^reserving its integrity in the compound. . . . 
Any antecedent improbability on theoretical grounds is far more than out- 
weiglie*! by the evidence of a large number of comx)ounds whose eonstitution 
is most simx)ly explained on the hypothesis of molecular combination. For 
example, in the crystalline salts it is impossible to doubt that the water 
exists as such, not as a part of the salt molecule, but combined with it as a 
whole. So also there are a number of double salts whose constitution is most 
simply explained on a similar hypothesis” (Cooke’s Chemical Phiioaophy, 
1882, ”1:). 137). ' 

The word micella is applied by ISTageli to those aggi*egates of molecules 
wliieh (likf3 crystals) can increase or diminish in size without changing their 
■chemical nature. The micella is assumed to be much larger than the pleon. 
*‘The internal structure of the micella is crystalline, while the exterior may 
.assume any shape.” The micellse unite to form micellar aggregates ; of such 
the crystalline protein granules afford a good example. Thus, according to 
Kageii, live terms must be recognized, — the atom, the molecule, the pleon, the 
micella, and the micellar aggregate. Pfeifer apx>lies a general term, Tagma, to 



Contiguous micellse in any organized suDstanoe, 
eell-walf or staroli, frequently possess different che 
ters, as is shown by the fact that from such a suhsfc 
tiou can be taken without materially disturbing the e 
5,S9. Bv means of the changes which go on in 
of new micollai, and in their reconstruction, it is sou§ 
for the nutrition, growth, and movements of organizi 
This is essentially the basis on which Bngelmam 
cxiilanatiou of the movements of protoplasm/ 

590. Continuity of protoplasui. It was supposed 
that the protoplasm in one young cell is completely 
that in contiguous cells by an imperforate cell-wall, 
in the cases where the wall is perforate there is 
cation of protoplasm through the pores. There 
evidence to show the incorrectness of this rdew. 1 
the protoi)lasm iii one cell is practically contiuuou 


1 Hemiuiin's Haialbuch der Physiologie, i. 1879, p. 374. _ 

2 The applfeition of this hypothesis by ^ 

tlie followin-r extract (Text-hook of Botany, 2d Eng. ed., 1882, p. 666). 
“(diemical compounds of tlie most various kinds meet between 'mcdl^ 
of ■in oripmized bmlv, so that they act upon and decompose one another. It 
is certain that all growth continues only so long as the growing parts of the 

eU m ex fed to atmospheric air ; the oxygen of the air has an oxiduing 
Xt on the chemical compounds contained in the organized s ructuto ; lyith 
even- act of growth carbon dioxide is produced and evolved. The equilibniim 
of the chemical forces is also continually disturbed by toe ”“'y 
of licit - and this mav also he accompanied by electrical action, ihe move 
ments of tl.e atoms and molecules within a growing organized body represent 
a delinite amount of work, and the equivalent forces are set free by cheuucal 
el - ■ m-s The essence of organization and life lies in this : - that organized 
Struetm-es are capahlo of a constant internal change ; and that, as long as they 
are ill emitnctwitl) water and with oxygenated air, only a portion ot their foices 
renmins in equilibrium even in their interior, and detenmnes the form ” 
woi-k of the whole • while new forces are constantly being set iree by chemical 
ti^ir^d in the niolecnles, which forces in their turn o-s- 
further eiuiiiges. This dejiends essentially on the peeuliain^ty of micelUr at. ac- 
tor!- which >rmits dissolved and gaseous (absorbed) suhstances to penetrate 
from without into every point of the interior, and to be again conveyed out- 
wanis. Neither the chemical nor the molecular forces are ever in eqnillbnnm 
in the protoidasm ; the most various elementary substances are present in rtm 
the most various combinations ; fresh impulses to the distorhance of the “t“nal 
equilibrium are constantly being given by the chemical action of the oxjg . 
of the air ; and energv is contimially being set free at the expense oUhe proto- 
plasm itself, which must lead to the most complex actions m a substance of so 
complicated a structure. Every impulse from without, even 
tihlc, must call forth a complicated play of internal movements, o which we 
are able to perceive only the ultimate effect in an external change ot form. 
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^ Priiigsheini’s Jalirbiicber, 1880, p. 170. 

2 Philosophical Transactions Eoyal Society, 1883, clxxiv. 817* 
8 Botanisches Oentralhlatt, 1883, xiv. 89, 121. 


Q|g PKOTOPLASM. 

tinn von- carefully washed. The application of 
and the preparation \c , . The specimen must 

strong glycorin -mp etes ^ tr atment 

not he removed fr"*” ^he slide duung^^ throughout, the 

tions. If the ^ \ one mass of protoplasm 

inimite threads call be seen pasbiii^ liu 

‘“S.”T.»«roc«o., given 

have pits, the very smallest ot which arc 

iT'm oni* rermed md Ho prepontion covered vvitli n glass 
it tho edtre of the cover-glass there is placed a diop 
SrencetwW aeid, .nd%, the side «t ftl. » couple 

ot droi>8 of dilate salphario acid ; when ttese 
mixture is allowed to flow under the cover-glass, while a bit 
S Ite iiS-paper on the other edge of the glass dra^ws it through. 
?t^5dmen becomes dark blue. If the color is deep the cover- 
glass is cautiously lifted and the preparatioms then thoroughlj 
hut carefully washed in water. After this washing, a diop of 
a solution of anilin blue is added, whereby the object bec^omes 
stained; then, after washing again, a little glycerin ’ 

and the. cover-glass is fastened down with some cement. For 
the examination of the specimen the strongest objectives pie - 
eralily tlie so-called “homogeneous immersion, employed witli 

‘t±r:«enSri::S’p;v,ev n, reiddi, «t .d, 

is seen to be somewhat swollen, while the ^ 

are contracted and colored. The periphery of the indiyidual 
protoplasmic masses in the cells of the ^^^ical parenchy ma is 
smooth on that face which was in contact with the cell-w>l ^ 
very small pits ; but it has minute protrusions on that face 
which was nest the bordered pits. Moreover, the 
to cAntimions (»lls are exactly opposite each other. Between 


^ Strasbiirger advises the addition of a little anilin blue to the j^iycerm 
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the protrusions at the bordered pits there extend extremely deli- 
cate threads of protoplasm which have a granular character. 
The threads are somewhat curved (especially the outer ones), 
and are slightly swollen in the middle. In peculiarly good 
preparations it iias been shown that there is an apparent inter- 
ruption at the middle of their course, but that at this break 
there are still minute filaments which serve to connect them. 
From these and kindred observations Strasburger and some 
others have adopted the view that there is such a degree of 
continuity between the protoplasmic masses in the cells that 
they form throughout the plant an unbroken whole.^ 

592. That protoplasm may perhaps occur in intercellular spaces 
appears from the observations of Russo w ^ and of Berthold.® To 
demonstrate this, one-year-old twigs of Ligustrum volgare are 
hardened for a few days in absolute alcohol, longitudinal sections 
of the primary cortex placed, in dilute iodine solution (see BO), 
the excess of iodine removed, and dilute sulphuric acid added. 
The contents of the cells and of the intercellular spaces will then 
appear as yellowish-brown masses. 

59B. That protoplasm can in some cases pass through an im- 
perforate cell- wall appears from the observation of Cornu, that 
in the Ibrmation of the macroconidia of a certain Nectria all the 
protoplasm of the five or six cells of the spore emerges to form 
the macroconidium, which arises as an outgrowth of one of the 
cells of the spore. The four or five partition-walls through which 
the protoplasm must pass are, however, neither dissolved nor 
perforated. 

It is probable that a striking phenomenon of fertilization in 
phjenogams, namely, the complete emptying of the pollen-tube 
of its protoplasm (see ‘V^ertilization ) without apparent break 
in the continuity of the wall, must be referred to the same pene- 
trative power of protoplasm. 

The withdrawal of the principal part of the protoplasmic 
matters from deciduous leaves before the fall of the leaf may be 
perhaps explained in the same way. 

Strasburger cites as an illustration of this penetrative power 
the well-known ease of the removal of protoplasmic matters 


1 Das hotaiiische Fracticura, 1884, p. 617. Strasburger : Bau und Wacbs- 
thum der Eellhaiite, 1882, p. 246. Frommann : Beobachtuugen Tiber Structui 
des Protoplasma der Pfiauzenzellen, 1880. 

2 Sitz. der DorpaterNaturforscher-Gesellschaft, 1882, p. 19. 

* Berichte der deutscheu botanischen Gesellscbaft, ii. 20. 

^ ^omptes Rendus, 1877, tome Ixxxiv. p. 133. 





protoplasm. ; \ \ 

cells around the buds which form on the incised leaves 

rhe relations of the cell-wall to protoplasm are not yet 
Sstood; and in regard to some of them there exists 
,otanists considerable diversity of opinion. The two 
views are the following : 1. The cell-wall is lormed 
olidification upon the exterior ot a protoplasmic mass, 
■rs previously dissolve.! in it. The pdlicle hiis pro- 
re<mrded as a sort of excretion (since in most cases it 
■min to be dissolved and employed by the organism) or 
action (because in a few instances it can e isso \ ec 
ized a second time by the plant). The substance capa- 
us solidifying upon the surface of protoplasm .jonsists of 
! combined with water and a small amount of incombus- 
itters, but it is not positively known in what ‘condition 
ere previously combined in the protoplasm. 2. llie 

I may be regarded as directly produced by a conversion 
inter film of protoplasm into cellulose with which some 

atters are interminglecl.^ ^ 

The young cell-walP is practically a homogeneous film of 
^ which speedily undergoes changes both in its chemica 
ysical character. In many of the lower plants the wall 

II some particulars from that found in the higher plants 
29), but the differences need not enter into the present 

^ Tto views are held respecting the mode of growth of 
l-wall. The first may be regarded as based upon the 
:.sis of Nageli spoken of in 588. From some of the mate- 
M dissolved in the adherent film of water around each 

fifp. siinDOsecl to bo prodiicod.^ 
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which are interpolated lietween the old. This is the intussus- 
ce[)tion theory. It has gradually displaced an older theory, 
iKunely, that of growth by apposition. As the older theory was 
usually held, it presented two moditieations,^ — ■ one that the 
growth of a cell-wall in thickness takes place on the exterior of 
the wall, so that in a stratified wall all the outermost portions 
are the newer ; the other, that all the new matter is laid down 
upon the interior of the old. 

The apposition theory has recently attracted much attention 
from the studies of Schmitz, and from its adoption and advocacy 
by Strasburger.^ As now held by these aiUhors, the view is tins : 
stratified and other cell-walls grow in thickness by the deposi- 
tion of new particles upon the inner face of the cell, inucli as a 
crystal adds new particles to itself ; growth in surface is the result 
of a simple stretching of the wall by the pressure of the con- 
tents upon it. 

Any solution which causes a shrinking of the contents of the 
cell, and thus diminishes the pressure on the wall, may cause 
a diminution of the size of the cell itself. The bearing of this 
upon the turgescence of the cell will be again adverted to under 
“ Properties of New Cells and Tissues.'’ 

To the physical characters of cellulose already mentioned 
(see 129), may now ])e added that property wdiich is possessed 
also by many other organized substances ; namely, that of swell- 
ing greatly when placed in water. The wall of a living and active 
cell is of course moist, and its increase in size on the addition of 
more water is seldom marked ; but under certain circumstances 
the amount of water in the cell- wall even of an active cell may 
fall below its usual amount, and then the application of water 
will cause an appreciable change of bulk. Such change in the 
amount of water may take place with great rapidity upon 
slight external disturbances, such as shock: in these eases, the 
amount of water in the protoplasm in contact is correspondingly 
modified. 

597. Historical note regarding protoplasm. The word 
flmm appears first in a memoir by Mohl, in 1846, ‘‘On the 
Movement of Sap in the Interior of Cells," which deals, however, 


1 For an account of the two modifications of the apposition theory, the 
student is referred to Harting’s paper, translated in Limuea, 1846, and Mohrs, 
in Botanische Zeitung, 1846. A fair statement of the first modification is 
presented in Mulder’s Physiological Chemistry. 

^ Straslmrger : Ban uiid Wachsthuni der Zellhaiite, 1882. 





uol so much with the movement of what would to-day be called 
cell-sap, as with the general behavior of all the motile contents 
of active vegetable cells. After showing that his predecessors 
had not clearly understood the important part played in the life 
of the cell by the viscous matter known vaguely up to that time 
as schMm, or mucus, Mohl points out the essential identity of 
the nucleus, primordial utricle, and the basic substance filling all 
but the sap-cavities of the cell. For the substance which is 
essential to the formation of every new cell and to the develop- 
ment of newly formed cells he proposed, upon physiological 

grounds, the significant name 

For convenience of reference, the paragraph in which the word 
is first employed is here given : — 

** Da wie schon bemerkt diese zalie Flussigkeit iiberall, wo Zellen 
entstehen sollen, den ersten, die kiinftigen Zellen andeutendeii festen 
Bildmigen voraasgeht, da wir ferner annehmen miissen, dass dieselbe 
das Material fur die Bildung des Nucleus und des Primordialscblauches 
iiefert, indem diese nicht imr in der nachsteii rliumlichen Verbindung 
init derselben stehen, sondern auch auf Jod auf analoge Weise reagiren, 
dass also ilire Organisation der Process ist, welcher die Entsteluiiig der 
neueu Zelie eirileitefc, so mag es wohl gereclitfertigt sein, wenn ieh zur 
Bezeiclmung dieser Substanz eiiie auf diese physiologische Function 
sich beziehende Benennung in dem Worte Protoplasma vorschlage.” ^ 

In 1835 Dojardin described a contractile substance capable of 
spontaneous movement in certain of the lower animals, to which 
he gave the name Sarcode* The identity of sarcode with that 
substance which forms the essential body of animal cells and 
with the protoplasm of vegetable cells was suggested by several 
I ‘ { ' investigators and finally demonstrated by Max Schiiltze in 1861.^ 

Schwann, even as early as 1839, pointed out various analogies 
and homologies between animal and vegetable cells, and enun- 
ciated the following proposition: animal cells are completely 
analogous to'^ vegetable -cells,- and are quite as independent in. 
lli' their mode .of ^.growth.. ' The. bearing of Sebultze’s demonstra- 
tion upon the foregoing proposition is obvious. Schwann 
; instituted also certain comparisons between the mode of forma- 

tioB of cells and that of crystals (“Microscopical Eesearches 
; into the Accordance in the Structure and Growth of Animals 

' ' and Plants,’* translated by Henry Smith for the Sj^denham 

I : i ' Society, 1847). 

' j ' ' : , ^ Botauische Zeituu^ 1846, p. 75. 

, ! : ^ Arckiv fiir Anatouiie, Physiologic; und wiss. Medicin, 1861, pp. 1-27, and 

. Bas Protoplasma der Bhizopoden und der Pflanzenzellen, Lei])zig, 1863. 


CHAPTER VIL 

DIFFUSION, OSMOSIS, AND ABSORPTION OF LIQUIDS. 

DIFFUSION AND OSMOSIS. 

598. When two liquids which are not miscible — for instance, 
oil and water — are shaken together, and then left at rest, they 
will separate sooner or later, according to their specific gravity. 
Blit if two miscible liquids are shaken together, they remain as a 
homogeneous mixture no matter what their specific gravity may 
be. Also when two miscible liquids are left in contact, without 
any agitation they become thoroughly commingled, and constitute 
a uniform mixture; this uniform commingling of two or more 
miscible fluids is termed cUffusvm} 

599. Furthermore, if two miscible liquids are separated by 
a membrane which can be moistened by them, they will diffuse 
through it and make a uniform mixture. This latter kind of 
diffusion, in which the contact between the two liquids is not 
direct, but takes place through a septum of some substance, is 
known as osmosis. In the plant and in its surroundings the 
two kinds of diffusion play such an important part that they 
must receive special attention. 


600. Diffusion of liquids. The rate of diffusion varies wdth 
the nature of the liquids and the temperature. The statements in 
the following paragraphs are substantially as given by Graham.''^ 



1 Pfatindler applies this term to the commingling whether it is or is not 

brought about by (Miiller’s Lehrhuch, 1877, i. 162). 

2 They are based upon two series of experiments conducted with very sim- 
ple apparatus. In the first series a small, wdde-mouthed vial containing one 
liquid was placed in a jar holding the other liquid, allowed to stand a few 
days, withdrawn, and the amount of diffusion noted. In the second series 
Graham pursued the jdan of placing in a cylindrical glass jar, 152 mm. high 
and 87 mm. wide, seven tenths of a liter of pure 'water, and then carefully car- 
rying to the hottom of the jar, by means of a fine pipette, one tenth of a litei' 
of the liquid to he diffused. The jar wms then left at rest in an apartment 
where the temperature was nearly constant, andafter a certain time its contents 
were drawn off earefully in portions of fifty cubic centimeters, each portion 
evaporated separately, and the residue remaining after evaporation weighed. 
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601. Different salts in solutions of equal strength diffuse in 
unequal times. Thus potassic hydrate diffuses with double the 
rate of potassic sulphate; and the latter with double the rate 
of crystallized sugar. But these substances have a compara- 
tively high rate of diffusion. A solution of caramel (sugar 
heated till it becomes brown) diffuses very slowly ; the sugar in 
this case has been so changed in its character that its rate of 
diffusion has been reduced from a high to a very low one. Gela- 
tin ma}' be taken as the representative of the almost fixed ” or 
slowlv diffusible class of substances ; most crystalline substances, 
as r(q)resentatives of the highly diffusible class. The former are 
(‘(dlec^lively known as colloids (KoAXa, glue), the latter as crystal- 
loids, It must be noted that Graham’s use of this word crys- 
talloid” is different from that in which it has been employed in 
s|K’aking of tlie protein bodies (177 ). 

(hiLb With each salt the rate of diffusion increases at a 
slightly higher rate than llie temperature of the solution. 

The members of certain chemical groups are equall}"' dif- 
fusible, Thus hydroeliloric, hydrobromic, and hydriodic acids; 
the chlorides, bromides, and iodides of the alkaline metals; etc., 
iiave equal rates of diffusion into pure water, 

G04. The diffusion of a solution of a salt into the dilute solution 
of another salt takes place nearly as rapidly as into pure w^ater ; 


The diTeivnce in the rates of diffusion of ten per cent solutions of dilfereiit 
substances experimented upon in the manner described on the preceding page 
is clearly shown by the annexed table. 


j Niiiuber of stratum from almve 
! liownwards. 


Sodic 

Cliloride. 


The first series of experiments are described in Philosophical Trail sactions^ 
1850 ; the second, in 1861. 
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but if the second solution contains some of the salt, like that in 
the first solution, the rate of diffusion is retarded. 

605. The rate with which a salt passes from a stronger into 
a more dilute solution is nearly proportional to the degree of 
concentration. The approximate times required for the diffu- 
sion of equal weights of various substances into water are given 
in the following table : — 


Hydrochloric acid . . . 


SoiUc chloride ..... 

. ... . . . 2.33 

Magiiesic siilphafe . . . 


Cane-sugar ...... 


Aibiimiii 


Caramel ...... 



606. Of the colloids, CTrahara sa 3 "s:^ ‘‘Low diffusibility is 
not the only property which the bodies last enumerated possess 
in common. . . . Although often largely soluble in water, they 

1 Philosophical Transactions, 1861- 

Graham says further : “Although chemically inert in the ordinary sense, 
colloids possess a compensating activity of their own arising out of tlieir 
physical properties. While the rigidity of the crystalline structure shuts out 
external impressions, tlie softness of the gelatinous colloid partakes of fluidity, 
and enables tlie colloid to become a medium for liquid diffusion, like water 
itself. The same penetrability appears to take the form of cementation in such, 
colloids as can exist at a high temperature. Hence a wide sensibility on th<3 
part of colloids to external agents. Another and eminently characteristic qual- 
ity of colloids is their mil tability. Their existence is a continued metastasis. 
A colloid may be compared in this respect to water while existing liquid at a 
temperature under its usual freezing point, or to a supersaturated saline solu- 
tion. Fluid colloids a-ppear to have always a pectous rnodilication {TijKrdsy 
ciu’dletl), as fibrin, casein, albumin. But certain liquid colloid substances are 
captible of forming a jelly, and yet vstill remain liquefiable by heat and solulile 
in water. Such is gelatin itself, which is not pectous in the condition of ani- 
mal jelly, but may be so as it exists in the gelatiferous tissues. Oolloids 
often pass under the sliglitest influences from the first into the second condi- 
tion. Tlie solution of hydrated silicic acid, for instance, is easily obtained in 
a state of purity, but it cannot be preserved. It may remain fluid for days or 
weeks in a sealed tube, but is sure to gelatinize and become insoluble at last. 
Nor does the change of this colloid appear to stop at that point. For the 
mineral forms of silicic acid, deposited from water, such as flint, are often 
found to have passed during the geological ages of their existence, from the 
vitreous or colloidal into the crystalline condition (H. Bose). The colloidal 
is, in fact, a dynamical state of matter ; the crystalloidal being the statical 
condition. The colloid possesses energia. It may be looked upon as the 
probable primary source of the force appearing in the phenomena of vitality. 
To the gradual manner in which colloidal changes take place (for they always 
demand time as an element), may the characteristic protraction of chemico- 
organic changes also he referred, ’b 




m 
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are held in solution by a most feeble force. They appear siiigu- 
larly inert in the capacity of acids and bases, and in ail the ordi- 
nary chemical relations. But, on the other hand, their peculiar 
physical aggregation with the chemical indifference referred to, 
appears to be required in substances that can intervene in the 
organic processes of life. The plastic elements of the aMimal 
body are found in this class.*' 

G07. Osmose, or Osmosis. Diffusion of liquids through mem- 
branes. The interposition of a permeable septum between mis- 
cible liquids does not prevent diffusion. Thus if a solution of 
sodic chloride is separated from pure water by an intervening 
membrane, as one of bladder or of vegetable parchment (see 
page 32), diffusion takes place in about the same time as if no 
membrane were present. 

008. For most experiments in osmosis the simple apparatus 
known as an osmometer answers very well. It consists of a 
small reservoir furnished with a membrane bottom, and a gradu- 
ated tube at its upper part. A very good osmometer can be 
prepared from a. short-necked bottle from which the bottom has 
been carefully removed. After the edges at the bottom have 
been made smooth, a piece of wet parchment paper is tightly 
fastened on by waxed thread. Great care must be taken to 
select parchment or parchment paper which is free from perfora- 
tions,^ and the tube at the neck must be well fitted to a velvet 
cork, so that no escape of liquid can take place in any way. A 
film of ordinary unsized paper evenly covered with a solution of 
warm gelatin, which cools to form a firm mass upon its surface, 
makes a good substitute for parchment in this apparatus. A 
thin film of white of egg coagulated by heat will also serve well 
for a covering. 

609. The osmometer, filled to a ceitain point on the tube with 
the? liquid to he experimented upon, is suspended in pure water so 
that tlie liquid in the apparatus is on exactly the same level as 
the water. It will be seen by the experiment that not only does 
diffusion take place^ but that there is a change in the level of 
the liquid in the tube. 

610. When any of the more diffusible substances are placed 
in a state of solution in the reservoir, a small amoiiiit of the 
crystalloid passes outwards, while a much larger amount of 


^ The existence of actual perforations in good parcliment can be demon- 
strated by subjecting the apparatus to pressure, or even by repeatedly wiping 
tile exjKised surface of the parchment with filtei-ing-paper. 
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Sodic chloride . . 4.3 

Sugar 7.1 

Sodio sulphate . . 11.6 

Magnesic sulphate .11.6 

Potassic sulphate . . . .12. 

Potassic hydrate . . 215. 7 

612. These figures are known as the osmotic equivalents of 
the respective substances, but they are by no means constant ; 
since, as Ludwig has shown, they depend partly on the de- 
gree of concentration of the solution used, the duration of the 
experiment, and the character of the membrane. 

613. If, however, a colloidal body is placed in the reservoir, 
very little comparatively passes outwards, and in the case of 
some colloids nothing. ‘‘ Indeed, an insoluble colloid, such as 
gum-tragacanth, placed in powder within the osmometer, was 
found to indicate the rapid entrance of water, to convert the 
gum into a bulky gelatinous hy^drate. Here, no outward or 
double movement is possible/’® This very important fact must 
be borne in mind in the application of the phenomena of os- 
mose to those of absorption of liquids by the colloids in active 
vegetable cells. 

614. Precipitatioii-ineinbraiies. Traube^ (in 1867) discovered 
that when a drop of a solution of copper-sulphate is placed in 
a solution of potassic ferrocyanide, there is produced over its 
whole surface a coherent membrane (of precipitated cupric ferro- 
cyanide), known as a “precipitation-membrane.” This at once 
begins to increase in size, but somewhat irregularly, as if breaks 
occurred at the upper part through which a portion of the liquid 

^ Zeitschrift fitr ration elle Medicin, 1849, vii. p. 83. 

Poggendorff : Annalen der Physik and Chemie, Ixxviii. p. 307. 

^ Graham ; Joum. Cliem. Soc., 1862, p. 269. 

^ ArcMv fiir Anat. u. Physiol, du Bois-Eeymond u. Reichert, 1867, p. 87. 

. 16 ' 


water passes inwards. The change of level caused is of course 
accompanied by an immediate change in the hydrostatic pres- 
sure, and hence water should be added to or removed from the 
outer vessel, to balance inequalities of height as fast as they 

occur.. 

611. The proportional amounts of the substances inter- 
changed have been determined by various obseiwers. Jolly 
by an ingenious modification of the osmometer, obtained the 
following results ; the figures representing the weight of water 
which replaced in osmosis one part by weight of the substance : 
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within flowed out only to meet the exterior liquid, and there 
formed iustantlj a precipitate cohering with the edges of the 
rupture. If a fragment of chloride of copper is placed in a test- 
tube containing a strong solution of potassic ferrocjanide, the 
action is more rapid than with copper- sulphate. The fragriient 
dissolves at once, and forms a green globule at the bottom of 
the tube. If it now be carefully watched, it will be seen that a 
delicate transparent film (the precipitate of cupric ferrocyanide, 
wliich in a flocculent state is brown) is produced over the glob- 
ule, and the sphere begins at once to grow into a cylindricai 
body. The liquid in the upper part of the closed cylinder is 
almost colorless ; that at the bottom is deep green. The inter- 
mittent growth in height appears to admit of only one explana- 
tion ; namely, that the membrane is torn by the great pressure 
within, and the solution of copper chloride which flows through 
is immediately covered by a newh" formed film. By careful 
management, such growths of cylindrical form can be produced 
several inches long. 

Traube also discovered tliat when a drop of /? gelatin (gelatin 
which has been boiled continuously for about three days, tliere- 
by losing its power of coagulation) is placed in a solution of 
tannin, a film forms at once, which begins to grow into a spheri- 
cal cell, but without the appearance of irregular and interniit- 
tent rupture. Such an artificial cell is best prepared by placing 
a glass tube having a drop of (3 gelatin on the tip into a solution 
of tannin. Its growth is even and uninterrupted, and unless 
the apparatus is disturbed, no appearance of rupture is observed. 
A further discovery was made l)y Traube ; namely, that a co- 
herent film may be formed even by the contact of pure water. 
The eoagulurn produced when gelatin is acted on by tannin (the 
so-calU‘d taiinate of gelatin) is soluble in a concentrated solution 
of tannin, but is insoluble in a dilute solution. If a drop of a 
solution of tannate of gelatin thus prepared is placed in pure 
water, a coherent film forms at the' surface which can increase 
up to a certain size.^ 

015. Pfeffer has employed the precipitation-membranes , dis- 
covered by Traube, in an ingenious apparatus by which the 
pressure developed in the so-called artificial cell can be accu- 
rately measured.: The ..apparatus consists of' a. porous .porcelain 

^ At this point Bhould 1)6 mentioned the observation of Nageli, that when- 
ever cell-contents rich In protein matters come in contact with watery media, a 
nncnhnuions film is fomed 'ovarthe surface (Pflauzeiiphysiologische biiter* 
; BUChuiigim, 1855, pp. S./dOb ' 
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or clay cell, like those which are used in the Bunsen battery, 
connected by means of a glass collar with a suitable manometer. 
Within the clay cell a precipitation film is formed ; ^ the cell is 


1 The following acco-unt of details essential to success in these experiments 
of Prof. Pfeffer has been prepared by one of his students, Dr. W. P. Wilson. 

The principal portion of the apparatus is a porous porcelain cell, s, 46 min. 
high and 16 mm. in diameter, with walls mm. in thickness. This cell is 
cemented on to a piece of glass tubing, v, A second piece of tubing, t, with 
lateral tube, is cemented into the iirst piece. The lateral opening is for the 
manometer m, the one at g is for the convenience of filling and sealing the 
cell. 

One of the two fluids used in forming the ftS 

inembrane for experimentation is allowed ^ 

to penetrate the porous cell from without. ® 

When this has thoroughly taken place, the H 

second fiiiid is poured into the interior. The g 

contact of the two fluids takes place, there- g 

fore, on the inner surface of the porous cell, I 

and here the precipitate is formed which is I 

termed the or precipita- 1 1 w/ 

tion-inembrane. Substances which by their || 

mutual contact give rise to such precipitation- \\ « B* 

membranes are termed msmbranogemc. It , | IB ■ 

will readily be seen that during any internal - ^ | 

pressure the porous porcelain cell acts as a ■ ' 

support Ibr the membrane. If tlie exteiior , ' I 

solution is copper-sulphate, the interior solii- , , I l) t {iM 

tion potassic ferrocyanide, then the precipi- ‘ ' p ■ I 

tated membrane will be cupric ferrocyanide. * ■ ' I rBTi*1 

After the membrane has been formed, then ■ ■ I Ij S I 

any solution not chemically incompatible J I ■ I 

with it may be employed in tbe cell ; namely, ^ ^ | ■ I 

syrup from cane-sugar, a solution of saltpetre, i p|gsgi^ H I 

or a still stronger solution of potassic ferro- llij iim 

cyariid<i than was iise<i in the preparation of 

the c(dl. 1^3 

As the successful working of the apparatus 
depends upon tbe exact carrying out of quite a number of minor details, the 
following description of the methods of putting the parts together may be 
found useful : — 

In order to insure absolute freedom from any foreign substance, the porcelain 
cell must be successively washed in dilute solutions of potassic hydrate and 
hydrochloric acid, and then thoroughly dried. Warm a piece of sealing- W’^ax 
in the spirit-lamp and draw it to a point. Slowly heat the open end of the 
cell in the alcoholic flame. When hot enough to very readily melt the wax, 
apply the point; and w^hile the cell is continually rotating, cover evenly a space 
to the depth of 15 mni. with wax in the intei-ior. It should be about 2 mm. 
in thickness. Pick up the short piece of tubing, which has been previously 
waxed on one end, and rotate it over the flame. When both porcelain cell and 
glass tube are as warm as they can be made and yet the wax kept smooth 
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tlieo filled with any diffusible liquid, — for instance, a dilute solu- 
tion of sugar, — the manometer is attached, and the whole appa- 
ratus is placed in pure water or any aqueous solution* 

aiul even on all sides, place them quickly together, lapping about 15 mm., 
and continue the rotary motion until cool. Take a scalpel with a point bent 
at riglit angles to the blade, heat it, and, inserting it in the glass tube, 
rut away the wax at its inner end, thus exposing a shoulder of the thickness 
of the fdass. Roll out in the form of a pencil about 2 mm. in diameter a piece 
of s(»alh]g-wax which has been made a little soft by the addition of a drop or 
two of turpentine. A piece of this, equal in length to the inner circumference 
of thi^ glass tube, in a long coil, should be placed on the point of the scalpel, 
carried in to the shoulder and pressed hito it. A little heat very cautiously 
aptdied from without, with proper turning of the cell, will easily cause this 
softer wax to flow and fill the shoulder with perfect smoothness. The use of 
the softer sealing-wax makes a joint which will not crack under strong pres- 
sure. Xow cement the tube t very firmly into 'y, with the same precautions 
as above. Unless a pressure of more than three atmospheres is desired, the 
soft wax need not here be used. 

The cell is now ready to be prepared for filling. In order to saturate tlie 
porous }X)rcelain with any given solution, the air must first he wholly removed. 
Place the apparatus in a beaker of water which has been freed from air by boil- 
ing, and set the whole under the bell-jar of an air-pump. Exhaust and admit 
tlm air into the bell-jar repeatedly until bubbles can no longer be seen to rise 
from the porcelain. Transfer the cell to a three per cent solution of copper- 
sulphate, and exhaust the air again. Four or five hours will he required for 
this solution to thoroughly penetrate the porous cell. At the end of this time 
remove it from the copper-sulphate, empty it, and with some long twisted 
strips of bibulous paper quickly diy up all moisture from its inner surface. If 
at any time the exterior surface of the cell begins to appear dry before the 
moisture from within has l^en wholly removed, dip it at once in the solution 
from whence it came. At the moment when the moisture is properly removed, 
fill the cell to the second joint with a three per cent solution of potassic ferro- 
cyanide and replace it in the copper- sulphate, taking care that the surfaces of 
the two fluids are in the same plane. An interim of at least twelve hours must 
now elapse in order that the membrane may be properly formed. At the end of 
this time the cell is ready to be used, either with the solution which it already 
contains or with some other. If some other solution is to be employed, then 
emutv out the -Dotassic ferroevanide. and after washing the cell with 
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properly done, any small quantity of air wMeli may be in tbe upper part of the 
cork will rise during insertion to the capillary point. Gradually and cautiously 
warm the tube, beginning close to the cork. This will expand the lliiid and 
drive the air wholly out. At the moment \vhen the solution completely fi Hr 
the tube, fuse the capillary point in the spirit-lamp. The cell is now entirely 
free from air and hermetically sealed. Diirmg the time of inserting the ma- 
nometer, corking, and sealing, the porcelain part of the cell must not he allowed 
to become dry, but must be frequently dipped into the solution from whicdi it 
was taken. With unannealed brass wire secure both corks after the fashion 
of champagne-hottles. 

Now suspend the cell in the solution of copper sulphate so that the porce- 
lain shall be wholly submerged but shall not touch the sides of the vessel 
containing the solution. Note the position of the mercniy in the manometer, 
and see that the temperature remains constant in the room. If the cell is 
perfect, a cei'tain degree of pressure will be indicated in less than tn hour. 


Percentage of sugar in the 
solution, by weight. 


Temperature. 


Mercurial pressure. 


In certain experiments by Pfeffer, made with a single cell, in 
which was a solution of cane-sugar containing a trace of one of 
the membranogenic substances, while the water outside contained 
a trace of the other, the following pressures were indicated ; — 


With a 3.3 per cent solution of potassic nitrate in the cell, 
Pfeffer obtained a mercurial pressure of 436.8 cm. 

616. An active vegetable cell is an osmotic apparatus. The 
chief agent in its work of absorption is the peripheral film of 
the colloidal protoplasmic mass, and this receives mechanical 
support from the wall of cellulose in which it is held. It was 
formerly believed that in osmosis there is always an exchange 
of materials, one current passing inwards (endosmose), the 
other outwards (exosmose) ; and there are numerous cases in 
which this is true, and in which the osmotic equivalent can be 
calculated (see 612), But PfeffePs experiments show how great 
a force may be exerted by osmosis in cases in which there is 
little or no substance passing out to replace the liquid ab- 
sorbed. In the series of experiments in which a solution of 
sugar was employed in his osmotic apparatus, no trace of this 


ia'^.7 c. 

53.8 cm. 

13.6 

53.2 ‘‘ 

14. 

101.6 “ 

13.8 

208.2 

14.7 

307.5 

14.6 

53.5 ** 
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, . , ,,ui qfterwards be discovered in the water on tbe 

imitation of a vegetable cell 

absorption of liquids through roots. 
f 1 7 Submoi-ed aquatics may absorb with their whole surface. 
Ti:,- 'ar;: bathed m thdr'food 

,„. ,„™ly Tto ^,t dtffir- 

tiou uan in-owcd at anj Bat rMzokls or 

„tiatl,». of l., fc flla..»M of tuagi . Moh 

eoiDiilex root-liaiisof n ■ ' ,i,hstratimr Above the mosses 

tary .l,a»elv» ‘V“ “J “tr 

llie diiferentiation ot very plain. For our 

»«“ 37 “:,rr s— «ttba ••>ao,.p. 

°“na‘'‘ lt”rbi«n.ho<™toPart I. ttal tho yoongor parte of 
„ ™t .lo dolhod "itli ettti-omoly aelicate epiaermal colls, 
‘irliS «.» *»a., telchoteca a a..^. 

:;;r:irofrs r *^0 

and yet to the soft, spongy, rounded mass of tissue 
root til) was formerly given the name of spongiole,^ ^ 

“Ite W nature' L It. euppo.ed on™ of .uamg ap «»- 

trient matters from the soil. ■ 


1 This term, early introduced, was retained by Sohleiden ; Pnnoiples oS 

StiientUic Botany, 1849, pp. 68, 218. , ^ , 0,9 „ 41 says; “La 

2 Thus De Candolle, in his Physiologie Vegetale, 18te2, p. , ^ -f . 

snocion des raoines s’exicute par des points speciaux _qu on nomme - 

nui sont conqKtses d’nn tissn eellnlaire tres-fin et tonjours nouveau, p q 
mines s’alongent sans cesse par leur extrdmitd. Le liquide de la t -r _ 
rZZr dans les mto de ce tissu: I. par la force de capillante ; II. par 
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620, Koot“lia!rs« It was shown experinientallj by Oblert ^ in 
1867, that the tip of the root is not the absorbing part. B}' 
careful excision of the tip, and the use of a harmless water- 
proof varnish to cover the wound caused, he obtained full absorp- 
tion of liquids through the sides, and not the end of a young 
root. He further demonstrated the very general occurrence of 
dulieate hairs upon the sides of young roots, and expressed the 
opinion that these were the efficient agents in root absorption. 

? 621. That the abundance of the hairs on new roots is depend- 

I out largel}’ on the amount of moisture to which they are ex- 

; posed, api)ears from expcriineuts on the roots of some of the 

i more common cultivated plants, — Allium Cepa, CucurbitaPepo, 

; Zea Mais, etc. In all these cases the plant can almost be said 

to regulate the amount of its absorbing surface by the amount 
of moisture within its reach, and it is tliouglit by some tliat all 
the epidermal colls of a young and developing root have the 
power of extending into hairs. Tlie number of hairs to the 
s^puire millimeter on a root of Zea Mais grown in a moist place 
wiis found by Schwarz to be 425; and on a root of Pisum 
■sativum, 232. 

622. Boot-hairs are, as has been shown in Part I., cylindrical 
protiiberaoees from the external wall of the epidermal cells. 
They vary in length from .1 mm. to 8 mm. The former length 

^ occurs in a few grasses, the latter in some water plants. Schwarz 

’ gives the following measurements of length : root-hairs of Pota- 

mogeton, 5 mm. ; of Anaeharis, 4 mm. ; of Brassica Napus in 
moist air, 3 mm. ; of Pisum sativum and Avena sativa, 2.5 mm. ; 
of Ylcia Faba, 8 mm. 

623. When root-hairs are developed in contact with soil, they 
become much distorted (see Fig. 81)), and generally dwarfed; 
they curve more or less irrogulaiiy around the particles of soil, 
and frequently are enlarged at the immediate place of contact. 
]Moreover, the character of the cell-wall is somewhat changed at 
the place of contact with the pai'ticles ; in many instances the 
wall undergoes a sort of mucilaginous modification, and becomes 
so firmly united to the particles that these cannot be removed 


Tbygroscopieitc. Ces deux pro})rictes de tissu peuvent bien ex]diquer reiiorme 
■qiiaiitite d’eau qui penkre dans la plante vivaiite, lefi variations de cette quan- 
tito selon les especes, les saisoiis, etc. II souffit d’adinettre qne les cellules des 
spongioles donees de contractions alternatives, auginentent ot diminuent alter- 
nativernent les meats intercelliilaires, et tendent aiiisi h absorber de feaii en 
quantite proportionnee a la force et a la rapidite de leiirs contractions vitalcs. * 


1 Linnjea, '18S7. 




Scotch Pine. 


Silver Eir. 


Norway Sprnce. 


Boots of the l8t oraer. 


232 absorption OF LIQUIDS THEOtJGH BOOTS. 

Sfor 

iah^ ;^uch cover the young roots is 5.5 times greater than that 

is U,c »rt of th. r»t « .hid. ae ri: 

Of these surfaces in the roots of peas is as 12.4 to “ t'.c 

aerial roots of Sciiidapsus puniatus, as 18.7 to 1. But all tUcso 
r^ s, which are at best only approximate, appear to be very low 
® !25. Extent of Eoot-systeias. In extending, the root, by 
growth at its protected extremity, can insinuate itseli between 
gril les of soil which could not be easily disidaced by simple 
hrust. The branches from the main root extend exactly as does 
e main root itself, - by continual additions just behind the 
t n - and the area covered by a root-system fnia ly_ becomes 
wn- large. One of the earliest recorded measurements is that :y 
Hates,*' who estimated that the roots of a sunflower (8| It. high), 
taken too'ether, were no less than 1,448 feet in leng i. le p n 
hid " Oght main roots reaching fifteen inches deep, and side- 
“y, n™ the sKm i it h.d, beside,, a ,er, thick b,»h of kteral 
toot*, .hicb esteoded eveij .«>' in ji hemisphere hboul mue 

inches from the stem and main roots/' ; « . * . 

626 ^iobbe has shown that in year-old plants of cevtaii 
closely allied gymnosperms the root-systems differ ’•emarkably 
in the number of the rootlets and the total length ot t^ . 
roots.® In three species the determinations of the total length 
were as follows : — . 

1 Uniporlault: riiysiolosische Pflai.zenimatomie, 1884, ix ^ ineho, or 

= givr, «B the entire surface of these roots 2,286 square incho,, 

1 8 '*iuuurc { Vf‘pj<?tnhlo SteticSj 1731, p. 6). ^ , m "Mz-MKi’a 

% T he „lante Lamine.l were grown from May to October. Two of Not b ■ 
tables (Piehmdwirthschaftlichen Versuchs-Stationen, xvm., 187o, p. 27 J) .ut 

here given : — „ 

a . Kitmbbu of Rootlets. 
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1 meter. 

2 meters. 
12 meters. 


Silver Fir . 
Norway Spruce 
Scotch Pine . 


h. Length in Millimeters. 


All the plants upon which these averages are based were grown 
under the same conditions. 

627. When an}’ plant JS il k. 

is lifted, even with great 

care, from the soil in \ I 

which it has grown, many \ 

of its more delicate root- \ 

lets are torn off and left 

behind. Hence it is \r§ I 

difficult to ascertain the 1^^ 

ing a stream of water to 

usually causes a few of ^ ' f\ W 

shown, however, that the M S 

the common cereals are * t 

abundantly branched to ^ 

a depth of more than a 
meter, and that many of 

them penetrate considerably’ further. Schubart states that the 
amount, by^ weight, of roots in peas and wheat, compared with that 



Norway Spruce 

Silver Fir. 

Scotch Pine. 

, Roots of the Ist order. 

290 

300 

873 

“ « 2d » 

1,333 

636 

4,438 

“ u 3^ a 

312 

66 

5,491 

“ » 4tli “ 

6 

■ — 

1,143 

** 6th “ 



41 


Fig. 144. Boots of seedlinixs of Trftieiim vulgar© . i5, plant four weeks older than A. 
The soil clings in -Qach case to the parts. (Sachs ) 
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, .1 ('all beiiio^ dried), is less than fifty per cent.1 

f ‘".liSofof the weights and lengths of average pieces of 
l ,y o ° f that the whole root-system 

roots ol tMrty-seven meters in length ; 

laid iSt alUhis could be^ packed in a small volume of fine soil 

ni^oTfim soil, and especially the amount of 
•“f' * ,1 nf nutritive matters which it contains, have a 

“"'f’rinfiuence upon the development of the root-system of 
nuirked tieii^^ equal, fertility of the soil favors 

a p ..n ■ .1 aq is shown by experiments by Nobbe. 

™tmlhn own was grown for a time in several cylinders con- 
4 ■ • 1 ,v soil ■ then the earth was carefully washed away and 


"l Amounts .us given in Ohe.uische Aclcersmann, i. p. 193. 


Roots of winter wheat (in April) . ^ 

“ peas (four W'oeks after planting) 
“ “ (at flow^ering) . . • • 


40 per cent. 
44 ’ “ 

24 ‘‘ 


■ aurtwil i s™, ln.lru.li™ «gur«, 

Ris figures are liere given. 


Surface of Rootlets. 


Silver Fir . . 
Norway Spruce 
Scokli Pine . 


Square millimeters. 

. 2,452. 

, . 4,139. 

. . 20,516. 


i. SVRTACE OP TUB GEBEN PAETS OF THE PLANTS. 

Square millimeters. 

t.. . . . . « 1,451. , . 

Silver Fir- . . • ' - p-.. 

Norway Spruce , V * * 

Scotch Pine. • • * * ^ 


■c.’ R atio of. Parts in the Plants examined.: 

■ Silver Fir. Norway Spruce. Scotch Pine. 

Parts above ground . - .100 
Parts below ground . 


100 


107 

168 


„297 

837 


d Eatio op the Paets above orohnd to those below. 

* . . . 100 : 169 

Sliver Fir . . ♦ . . • * ’ , * * ■ 

. Norway Spruee ' > • ’ • . • ^ 

Scotch Pine • • • * * ' * * 

t Tersnclis-Stationen, iv., 1862 , pp., 920, 221. 


100 .: 267 
100, : 477 
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I been imiformlj'- mixed with a fertilizing substance, and in this 

soil the roots had developed in a normal manner. In the sec- 
ond cylinder a layer of the fertilizing material had been placed 
three to four centimeters below the surface, and in the soil at 
this plane the roots had branched veiy abundantly. In the 
* third cylinder a similar layer of the fertilizing matter had been 
placed half-way down the cylinder, and here the root-branches 
were far more numerous than elsewhere. In other cases the 
fertilizing substance had been placed at the bottom, around the 
sides, or in the middle of the cylinder, and in these places respec- 
tively the root-branches were most abundant. Substantially the 
same thing is observed in earth where the roots of plants meet 
with buried bones : the finer root-branches are developed around 
and afterwmrds in the substance of the decomposing animal 
matter, often forming dense mats.^ 

629. In some cases roots extend to very great distances ; 

! thus those of an elm have been known to fill up drains fifty 

yards distant from the tree.‘^ It maybe said, in general that 
the roots of the common forest and shade trees reach to and be- 
yond the eaves of the roof made by the leafy branches. “There 
is a constant relation between the horizontal extension of the 
branches and the lateral spreading of the roots. It is not by 
watering a tree close to the trunk that it will be kept in vigor, 
but by applying the water on the soil at the part correspond- 
! ing to the ends of the branches. The rain which falls on a tree 

drops from the branches on that part of the soil winch is situ- 
ated immediately above the absorbing fibrils of the roots.” ^ 

630. The root-system of a plant, ever extending its in- 
numerable subdivisions into new soil, and clothed near the 
extremities of the rootlets with delicate epidermal cells, is a 
complex apparatus for osmosis placed under the most favorable 
conditions for absorption. 

631, The course of the water after it has found its wmy into 
a plant through the epidermal cells of the iiew^er portions of the 
roots, and the pressure which at times the watery liquids in roots 
, 'exert,: can be more conveniently examined at a later stage (see 
Chapter IX., “ Transfer of Water through the Plant ”). 


1 See also a |)aper by Detmer : Versuchs-Statioiien, 1872, p. 107, 

^ Jourriai Royal Agricultural Society, vol. i. p. 364, contains some interest- 
ing eases of great lengtli of roots. 

® Balfour : Class Book of Botany, 1804, p, 427. 
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CHAPTER VIII. 

SOILS, ASH CONSTITUENTS, AND WATBB-CULTUEB. 

632 When a plant is carefully dried at a temperature slightly 
exeeeing that of boiling water until it ceases to lose weight, 
there remains behind a brittle combustible residue. The dif- 
ference between the weight of the plant and that of the resi- 
due represents the amount of water previously contained in 
the plant. This differs widely, according to the kind of plant 
and its age. The following table gives the proportion of water 
contained in a few of the most common plants . 

Bed Clover, before flowering . . . . • .’. 83 per cent. 

“ in full flower ...**•• 78 

Oats, before flowering . . . . • • • • • 

** in flower ,, 

Turnip (root) 

Beecb (leaves), in summer . . . . . » « 75 

“ in autumn 

Dry grains . . ....•••• t® 15 “ 

Dry woods 

633. If the brittle residue left after complete expulsion of the 
water is burned in the open air, there remains behind a small 

amount of gray ash; all the rest is wholly consumed. The 
amount of ash also varies widely, accoi’ding to the kind of plant 
and its age. In the following table ^ are given the proportions, 
for a few common plants : — • „ 

Per cent of asli in Per cent of asli in , 
fresh material. dry material . ; 


Red Clover . : . v ■ ^ 

Sugar Beet (root) , . . . . • 

Indian Com. . . . . . • • 

«* “ (grain) . . . . . 

Beech (leaves), in summer • • . 1.3 — 

« in autumn . . . 3, 

634, In a general way it may be said that the combustible 
matters are derived chiefly from the atmosphere, while all the* 

1 The student is referred, for detailed accounts of analyses from which these 
figuns liave been chiefly taken, to Johnson’s ‘‘How Crops Grow, 1868. 
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water and the incombustible ash come from the soil. In the case 
of aquatics this general statement would not appear to hold, for 
they obtain all their substance from the water in which they live ; 
but, as will be seen later, this source is essentially the same. 
We have examined in the previous chapter one of the means 
by which plants obtain their supply of water and ash materials, 
and it will be best to consider now the source from which this 
supply comes, before approaching the study of the combustible 
substance of plants. 

SOILS. 

635. Formation of soils. Soils are produced by the disinte* 
gration of rocks. This may be mechanical, as that caused by 
crushing, attrition, and the action of frost; or it may be and 
generally is associated with more or less chemical change. In 
soils, some of the products of the decomposition of organic sub- 
stances are usually intermingled with purely mineral matters 
aggregated in various degrees of fineness. Soils exposed to 
atmospheric influences constantly change both in their physical 
properties and chemical composition, the changes being brought 
about chiefly by the combined action of moisture, carbonic acid, 
and oxygen. 

636. Water not only wears away solid rocks by its mechanical 
action, but after it has insinuated itself into the crevices of 
rocks it accomplishes the work of disintegration far more rapidly 
by its expansion during freezing.^ 

When rocks become loosened by running water, or by the 
slow movement of glaciers, the crushing and grinding of the 
pieces which come into contact are sufficient to pulverize 
the hardest of the more common ones. 

Water, especially when it holds carbonic acid in solution, is 
a very important agent in changing the characters of rocks ; 
sometimes it does this by dissolving out portions of the rocks, 
sometimes by bringing about new combinations of their con- 
stituents. Moreover, rain-water contains a minute quantity of 
other matters besides carbonic acid, and these exert a powerful 
effect in disintegrating and dissolving certain rocks. 

637. The free ox 3 ^gen of the atmosphere is also an eflicient 
agent in the changes by which rocks are broken down to form 

The amount of expansion is usually given as approximately one fifteenth 
of the volume. 







... 


soils. Many rocks contain ferrous oxide, which readily under- 
goes further oxidation ^ certain sulphides in rocks aie oxidizahie 
under the ordinary conditions found in a moist atmosphere, and 

in such cases the chemical action results in rendering the rocks 

brittle. 

G38. Water can easil}" transport the finer particles of soil 
from where they were formed by disintegration of the rocks to 
points at distances from their source, varying with their weight. 
For this reason the particles accumulate in difierent degrees 
of fineness at difierent points along w^ater-courses. 

639. It is believed that during the Glacial period, when large 
portions of the northern hemisphere were covered deeply with 
sheets of moving ice, immense amounts of coarse and fine 
soils were carried far from the places where they were formed, 
and were heaped up more or less irregularly in the masses w^hich 
now form gravelly hills and ridges. The glacial action now 
going on in the Alps shows how vast must have been the soil- 
making and soil-carrying power of the glaciers which once cov- 
ered so much of our continent. 

640. Soils which have not been carried by water or ice from 
the place where they were formed by some of the agencies men- 
tioned a])ove are not generally of great depth, and their nature 
can usually be made out by examination of the contigiioiis 
rocks. 

641. Classification of soils. For our present purpose soils 

may” be classified as gravelly, sandy, clayey, calca.reous, loamy, 
and peaty. soils clifier widely in their chemical char- 

acter, since the pebbles which compose them may he either chiefly 
<|uartz and fragments of rocks in which quartz predominates, or 
tlu‘re may be also a good proportion of limestone, or of feld- 
sputhic rocks. With the coarse pebbles is intermingled a 
certain propintlon of finer soil. Sandy soils are usoally made 
up of fine (jnartz with which some other matters are asso- 
ciated, such as some corapoiind of iron, grains of feldspatlim 
iniiKU'als, micaceous particles, etc. In a fiiw cases, however, 
the sandy soils differ widely from this composition ; for iii- 
. stance, the. green. 'sand of New' Jersey contains a large proportion 
(more than fifly per cent) of green grains of a silicate of iron and 
]>otasslnm. (Jhujey soils are generally derived from the dis- 
integration of various feldspatliic rocks, and are mixtures of 
lyvdrated uhiminie silicate with many other matters. Such soils 
are generally adhesive, are retentive of water, and dry into 
a hard mass; these characters which belong to clnv are 
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found also in some soils wliieh are not clays, and hence the 
term clayey is sometimes loosely applied. Calcareous or lime 
soils contain calcic carbonate in large amount. To calcareous 
clay, when the ingredients are in a state of rather fine subdi- 
yision, the name marl is frequently applied. Peaty or humus 
soils are those which contain a considex'able proportion of i)ar- 
tially decayed vegetable matter ; when such matter decays under 
water it becomes peat, or muck ; when it decays without much 
water it is generally known as mould. 

642. By mechanical anal.ysis, as by simple washing and sift- 
ing, it is possible to separate a soil into its mechanical ingre- 
dients, which are : (1) Gravel ; (2) coarse sand ; (3) fine sand; 
(4) clayey sand ; (5) clayey substance, or fine clay. 

The mechanical subdivision of soils has an important bearing 
upon their physical properties and upon their adaptability to 
the growth of roots and the sustenance of plants.^ 

From interesting studies hr Darwin, it is plain that in some 
localities earth-worms have exerted, hy their burrowing and 
tunnelling, a vast influence in changing the physical character 
of the soils in which they thrive. 

643. Physical properties of soils. Of these, the most important 
to be considered here are those which affect the relations of soils 
to liquids, to gases, and to heat; for all of these directly affect 
the grow'th and indirectly the nutrition of plants. 

644. Absorption and retention of moisture by soils. It is con- 
venient to examine tlie relations of soils both to liquid water 
and to aqueous vapor. Soils can absorb from the atmosphere 
and condense upon the surface of their particles, or in their inter- 
stices, a certain amount of the vapor of water. This property 
of absorption, known as that of liy^roscopicity, is different in 
different soils, as shown by the following table from Schiibeler.® 

Five hundred centigrams of each soil carefully dried w’-ere 
spread over a surface of thirty’-six thousand square millimeters, 
and exposed for varying periods to an atmosphere saturated 
with watery vapor ; the amounts of waters absorbed (in centi- 
grams) were as follows ; — ■ 

^ The reader should examine a paj)er by J. D. Whitney (Plain, Prairie, and 
Forest), in which is discussed the probable influence of the extreme fineness of 
prairie soils upon the absence of forests. See American Naturalist, October 
and November, 1876. 

2 Darwin : The Formation of Vegetable Mould through the Action of 
Worms. 

^ Knop’s Lehrbuch der Agrieiiltur-Chemie, 1868, voh ii. pp. 13, 14. 



The degree of fineness exerts also some inflneiice upon 
the absorptive power ; but while pulverization increases that 

1 Yerf^uchs-Stationen* vi., 1864, p. 281, where are found also some interesting 
results recorded by Knop, in regard to the absorption of aqueous vapor by 
various organic substances. 

2 Knop*s Lehrbueh, 1868, vol. ii. p. 26. The third column is cited from 
Johnson’s “How Crops Feed,” 1870, p. 180. 

® Sam]des of peat have been known to absorb from 300 to more than 500 
per' cent of wmter. 


From these figures it appears (1) that the greater part of the 
vapor is condensed before the expiration of a single day, (2) that 
hiimus is by far the most hygroscopic, but (3) that clay can ab- 
sorb a large quantity of vapor. 

Tem[)crature exerts a marked influence upon the capacity of 
soils to absorb aqueous vapor, as is shown by Knop’s exami- 
nation^ of a sandy and of a rich earth; the amount of vapor 
absorbed diminishes with elevation of temperature. 

64r>. The amount of liquid water which soils can absorb and re- 
tain is very different for different kinds of earth. In the follow- 
ing determinations b}" Scliubeler dry soils were saturated with 
water upon a funneb and the increase of was noted after 

all the excess of water had dripped away. The first column gives 
the percentage of increase in weight of soil ; the second, the num- 
ber of volumes of water that one hundred volumes of soil can take 
up ; the third, the percentage of this water which evaporates from 
the soil in four hours when it is spread over a given surface.® 
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power in some kinds of soil it diminishes it in others. Thus 
Zenger has shown that fine quartz sand absorbs about twice as 
much water as that whidi is coarse; on the other hand, fine 
brick-claj is not so absorbent as coarse. 

647. Admixture of heterogeneous matters with soil generally 
lowers the absorptive and retentive power both of the soil and of 
the added substances. Treutler examined certain soil mixtures 
in the following manner : fifty grams of the soil were placed in 
one hundred cubic centimeters of water for twent 3 ’»four hours, 
the excess of water was allowed to drip awa}^, and the amount 
then retained noted. The following are among his results : — 


Mixtures, 


40 grm, fine earth and 10 grm. caustic lime 
40 grm. quartz sand and 10 grm. caustic linie^ 
40 grm. quartz sand and 10 gmi. bone-dust 
30 grm. quartz sand and 20 grm. bone-dust 


Fine earth 
Quartz sand 
Caustic lime 
Bone-dust 


From Treutler’s tables it appears that the absorptive and 
retentive capacity of a mixture of two substances may equal 
that of the constituents, but that generally’ it becomes lower. 

648. A soil may be so fine and compact that rain will not 
readil}^ penetrate it; or on the other Iiand it ma}' be so porous 
as to allow the water which falls on it to pass rapidl}" down 
through it. A soil of proper texture will receive the rains, and, 
as has been shown by the foregoing paragraphs, retain a certain 
amount in its pores, the excess draining awa^x 

649. Evaporation of water goes on continually from the sur- 
face of moist soil, unless the atmosphere is saturated, and the 
amount of evaporation depends largely upon the amount of 
moisture present in the state of vapor in the atmosphere at any 
given time. But the retentive power spoken of above (which 
is plainly opposed to evaporation) is ver^’ different in difierenfc 
soils ; for this reason about three times as much water evaporates 
from quartz sand as from the same amount of humus equally 
exposed for a given time. When by evaporation the soil be- 
comes dry at the surface, a draft is made upon the supply of 
water retained in it at a greater depth, and this water then rises 
by capillarity to the drier layers. It is therefore said that there 
is a constant movement of water in the soil. 
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650 A distinction may be properly made between (1) that 
water which remains as a copious supply beneath the surface of 
the oTound, existing there plainly as a liquid, (2) that which ad- 
heres to the particles of soil imparting to them a moist appear- 
ance, (3) that which adheres to the particles of an air-dry soil 
and which does not affect at all the appearance of the particles. 
The first has been caWed hydrostatic, the second, capillary, the 
third, hyyroscopic water. It is from the tw'o lattei that the 
roots of plants other than aquatics usually obtain their supply 

of moisture.' _ ' , . 

651. The relations which evaporation and drainage bear to 
the total rain-fall upon the soil have been examined during a 
seric'sof nineteen years at Ectliamsted, in England. The fol- 
lowing figures are based on the results duiing ten^eais ^Sep- 
tember, 1870, to August, 1880). 

Kaiu-Wl . . . . . . . • . . • . • ■ • • • 30.68 inches. 

Drainage from .soil i, 9 i » 

at 20 indies depth . . . . • • • • • * ‘ • * ^ 

{.f 40 “ . . . 13.94 

ateo ‘‘ 

Amount of water retained by soil, or evaporated 

at 20 inehes depth . . . . . • • • • • • • • 

at40 • 1^-7^ 

ateO “ - ..... .... . . . . • 18.51 - 

Percentage of rain-fall lost by drainage 

at 20 inches depth . . . .... . * * • • * 

at 40 “ “ . . . 

ateo “ “ . ... . . . . . . . • • . 89.7 

Percentage of rain-fall retained by soil, or lost by evaporation 

at 20 inches depth . . . * . . 56,9 

at40 - - . .... . . . . . • • • - 54,6 “ 

at 60 “ . . . 80,3 

652. Soils arc not only acted upon by the solvent power of 
water, as shown in 636, but many soils possess the remarkable 
property of removing saline matters from aqueous solutions. 

The interesting fact that impure water can be freed from some 
of its foreign matter by being filtered through eartli has long 
been known^ but its significance in the nutrition of plants does 
not appear to have received attention im til 1819. Gazzeri ^ at 

1 For a full discussion of this subject, which is most important in its bear- 
ings upon the cultivation of plants, the student should study Johnson’s “Plow 
Crops Feed,” p. 199, 

From a note by Orth: Yersuchs-StationenjXvi., 1873, p. 57. The disco very 
is generally ascribk to Bronuer, 1836. The fullest treatment was by Way ; 
Journal Eoyal Agricultuml Society, 1850, and later. 
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that date says: ‘‘Earth, especially clay, seizes upon the sol- 
uble matters intrusted to it, and holds them back, in order 
that it may gradually furnish them to plants according to their 
needs.’’ 

658. When dilute solutions of a salt are slowly filtered through 
sand which contains a good admixture of clay, the water passes 
out for a time without more than a trace of the salt, and in 
some cases all the salt is retained by the soil. Even sewage 
liquids can by this method be freed from their oflensive ingre- 
dients. This phenomenon of filtration is due to adhesion (that 
is, the attraction which the surface of one kind of matter has 
for another kind of matter). The substances which are removed 
by the particles of soil are so fastened to them that even 
■when the soil is washed in pure water only traces of them are 
removed. 

654. Clieiiiical absorption by soils. Besides this pliysical ad- 
hesion, there are exhibited by many soils certain chemical phe- 
nomena also, which have been collectively termed chemical 
ahsorptio7i. If a solution of potassic nitrate is filtered through 
a well-pulverized clay soil containing an admixture of insol u bio 
compounds of magnesiiiin and calcium, such as are met with in 
almost aii}^ ordinary soil, the water which drains olf will eon- 
tain very little if indeed an}’ potassium ; but it will have, in- 
stead, magnesium and calcic nitrate in appreciable amount. But 
this absorptive power of a soil is soon satisfied; for after 
a certain amount of potassium has been removed no more is 
taken up. 

The strength of the saline solution affects the amount of 
absorption, more of the base being absorbed from strong solu- 
tions. Different substances are absorbed by the soil in difierent 
amoimts; thus in the experiments by Peters the bases w-ere 
absorbed in the following order; (1) Potassa, (2) Ammonia, 
(8) Soda, (4) Magnesia, (5) Lime. Different soils absorb the 
same substance in difierent amounts, depending upon the physi- 
cal condition of the soil, but chiefly, it is believed, upon the 
mode in which the substance is combined ; thus, more potassa is 
absorbed from the phosphate than from the carbonate, and more 
from the latter than from the sulphate. 

In general it may be said that the salts of the alkalies and 
the alkaline earths are so absorbed by rich soils that the bases 
are retained in new combinations, while the acids pass off, 
having also, of course, formed new combinations. The phos- 
phates and silicates are retained undecomposed. The case of 





the latter compounds may be regarded as the ordinary physi- 
cal absorption, that of the former as the so-called chemical 

absorption. 

655. The matters absorbed by the soil may be released after 
a time and pass into solution again, or they may be displaced 
from the soil-particles by the filtration of new solutions. When 
it is remembered that rain-water exerts a powerful solvent action 
upon some portions of the soil, and that, on the other hand, 
the soil can remove from aqueous solutions some of the matters 
therein dissolved, the complicated nature of the problem w^hich 
presents itself is at once apparent. Examination of the waters 
which drain through soil, and which may fairly represent the 
r<^sultant of the solvent action of the water and the absorptive 
power of the soil, show^s that from thirteen to fifty parts of solid 
matters may remain dissolved in 100,000 parts of water. (The 
question of nitrogen compounds in drainage- water will be ex- 
amiued in a subsequent chapter.) 

656. CoiideiisatioH of gases by soils. Soils have the power of 
condensing in their pores certain amounts of different gases. 
These condensed gases are released when the soils are subjected 
to a high temperature, say 140° C., and their amounts can then 
be measured. The figures below give the results of the meas- 
urements in several instances, 100 grams of soil being taken 
in each case. 


Peat . . i . 
Ciay . . . . 
Moist garden soil 


Cubic centimeters of gas yielded. 
, .... . 162 ; 

...... 30 

. . . ... 14 


It is found that in the soil there is present a smaller amount 
of oxygen and a larger amount of nitrogen than in the atmos- 
phere. llie percentage of carbonic acid in the soil is also some- 
what larger than that in the atmosphere ; especially in soils 
which contain much organic matter. 

657. Koot-absorption of saline matters from soils* Having seen 
that the soil, the principal medium in which roots extend, pos- 
sesses the power of absorbing and retaining water, saline mat- 
ters, and gases, attention must next be directed to the conditions 
under which the root-hairs can abstract from it the matters 
requisite for the plant. These conditions are (1) presence of free 
oxygen, (2) a certain temperature, (3) the presence of saline 
matters in an available form in the soil. 

658. Free oxygen is necessary to ail protoplasmic activity,^ 
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and the plant will speedily show when the amount required for 
the absorptive activity of its roots is not furnished. Different 
plants, however, require different amounts: thus aquatics and 
marsli-plants do not need so much oxygen for their roots as 
do plants which orclinarhy grow in a porous soil. Partial ex- 
clusion of ox^’gen from the roots of the latter by keeping the 
soil saturated with water usually injures the plants in a short 


time. 

It has been shown by Sachs and others that seedlings of man^^ 
plants normally growing in dryish soil wall develop if treated as 
aqiuxties ; better results are obtained, however, if air is occasion- 
ally passed through the water. 

659. The temperature needed for the absorptive activity of 
roots varies with different plants. It may be said, however, 
that for any given plant the absorptive power increases with 
increase of temperature. 

600. Different soils have very different relations to temper- 
ature. Leaving out of account the small amount of warmth 
derived from the chemical changes going on in the soil by which 
heat is evolved, it may be said that the heat of the soil is derived 
from the sun’s rays. The angle at which these rays strike the 
soil must have a great influence upon its temperature. Again, 
there are various local causes, such as protecting or reflecting 
walls, which may considerably modifj" the temperature in any 
given case. The soil itself exerts a marked influence upon the 
amount of heat which it can receive and retain. Dark soils ab- 
sorb heat most readily ; but it has been shown that black soils 
are less absoi’bent of heat-rays than are those which are dark 
g^a 3 ^ The radiating power of a soil depends upon the character 
of its surface, being much greater in the case of fine mould than 
in that of coarse, gravelly soils. 

661. It must be noted, however, that the heat-rays which fall 
upon a given soil may have different degrees of intensity. Some 
bodies {e. g, lampblack), ean absorb and give off by radiation 
heat of high as well as that of low intensity ; while other bodies 
(e, snow), absorb heat of low intensity only. Heat of high 
intensity is converted into that of low intensity by the interpo- 
sition of a black covering of any kind which can absorb it and 
give it out below as heat of low intensit 3 *. 

662. At the depth of fifty feet the temperature of the soil in 
the temperate zone varies within the limits of one degree, and 
at a depth somewhat below this it is constant. The station aiy 
temperature at such a depth is the same as that of the mean 
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ASH CONSTITUENTS OF PLANTS. 

GG4. These occur in all parts of plants. It has been shown 
(p 39) how frequently cell- walls are impregnated or incriisted 
by mineral matters, which after careful calcination may be left 
as a distinct skeleton of the tissues of which they formed a part. 
But the matters within cells, both the protoplasmic substance and 
the cell-sap, also contain a certain amount of incombustible ma- 
tenal. The total amount of ash constituents varies greatly in 
different plants, in different parts of the same plant, and also 

1 Peiihallow, Soil Temperatures (Houghton Farm Experiment Department), 

1884. See also Kiiop, Agricultur-Chemie, i., 1868, p. 469. _ 

2 Moldenluiwer (Beytnige), in 1812, expressed the view that roots probably 
set fjw certain Tuatters which can unloose nutritive materials. De Candolle 
irhvBiologie, 1882) deserihed tlie corrosive action of lichens on underlying 
ro('ks ; and Liebig, in 18S9, studied the action of roots on the color of litmus 

Holutions. . A 1 

Sa<;iiH’H experiment (1860) is well adapted to class demonstration. A xjoI- 
ished jdate of marble is covered with moist saw-dust, and in this a fcyv seeds are 
olaisted. After the seedlings have grown for a time the saw-dust is removed, 
when the marks left upon the stone by the corroding rootlets can ba ^plainly 
If the corroded marble is riibi)ed slightly with a little vermilion, tho' 
traces made by the root-hairs will he very distinct. In the early publication 
of Sachs, the secretion hy which the corrosion is effected was said to be car- 
bonic a('id ; but he does not appear to hold this view now. Whether the action 
is due to acetic acid, as Oudemann and Kauwenhoff suggest, or to different, 
acids varying with plants or times, as intimated by Pfeffer, it is certainly 
highly corrosive in some case.s. In an experiment hy Schulz, the rootlets of 
germinating Ijegurainosse and Gramineai exhibited a faint alkaline reaction 
fJounial fiir Praktische Chemie, Ixxxvii, 1862, p. 1351. 


annual temperature of the atmosphere in temperate regions.* 
Moisture exerts a very great effect m equalizing the capacities 
of different soils for absorbing and retaining heat. ^ 

063. That the saline matters in the soil must be in a form in 
which the plant can make use of them, appears from what has 
been said about osmosis. It should be specially noticed, how- 
ever, that j-ounger roots may exert a solvent action upon soil- 

^^^Root-hairs, as Sachs has shown, evolve small amounts of 
acid which exert a distinctly corrosive effect upon certain min- 
eral ’ matters with which they come in contact. Hence there is a 
continual unlocking of the nutritive mineral materials fastened in 
the soil ; the release being at the very points where the root-hairs 
are present to absorb them. 



COMPOSITION OF THE ASH< 


In many cases with the age of the plant. The following table ^ 
indicates the per cent of ash in a few instances : — 

Turnip (fresh) 7 

Sugar beet (fresh) .8 

Potatoes (fresh) .9 

Red clover (fresh) 1.3 

Red clover (dry) 5.6 

Birch- wood (dry) . . . . . . . . . . . . .2 

Apple-tree wood (dry) . . . . 1.1 

Walnut- wood (dry) . 2,5 

Birch-bark 1.1 

Mulberry leaves (fresh) . . . . 1.1 

Horse-ehestniit leaves (spring) ........ 2.1 

Horse-chestnut leaves (autumn) 3.0 

Apples (fresh) .3 

Pears (li’esh) . . . ; 4 

Flax-seed 3.2 

Clover-seed 3.6 

Hemp- seed 4.8 

Beech-nuts . . . 2.7 

Wheat-grains .1.7 

Hemp (entire plant) . . . .' 2.8 

665. Composition of the ash of plants. Examination of trust- 
worthy analyses of the ash of flowering plants shows that certain 
elements are always present in it. These are potassiim, calcium^ 
magneslwn^ and -phosphoncs. Besides these, which always ap- 
pear in appreciable amount, there are others which are nearly 
or quite as constant in occurrence, although in some reports of 
analyses they ai^e not given, because existing in such small pro- 
portion. The}’ are iro7i, chlorine^ sulphur^ and sodium. The 
elements mentioned are usually recorded in analyses in the fol- 
lowing combinations : potassa, phosphoric acid, lime, magnesia, 
sulphuric acid, soda, and ferric oxide. But it is to be observed 
that the combinations stated in the tabulation of analyses are hy 
no means designed to exhibit all those in which the elements 
occur ill the plant ; for instance, the sodium and potassium are 
presiiniably combined with the chlorine. Again, it must be no- 
ticed that upon combustion the mineral matters in the plant are 
commiiiglod with a larger or smaller amount of carbonates, the 


1 E. Wolff, Die Mittlere Eusammensetzuiig der Asche, 1865, p. 77 ct saq, 
i also an excellent revised translation of Wolff’s tables in the Appendix of 
Linsou’s “How Crops Grow” (1868). For the percentage of ash in trees 
d woody plants, as well as the amounts of phosphoric acid and potash found 
such ash, see a very valuable table by Storer (Bulletin Bussey Institution,, 
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amount depending somewhat ‘‘upon the temperatnre at whicli 
the ash is prepared ” In the following short table a few of the 
many analyses collated by Johnson ^ have been brought together 
to exhibit the proportions of the ash constituents. 


Name of plant. 

Fotassa. 

Phosphoric 

acid. 

Lime. 

Magnesia. 

Sulphuric 

acid. 

Soda. 

Ferric Oxide. 

Silica. 

Chlorine. 

Hoot of .sugar beet . 

48. 

14.4 

6.4 

9.5 

4.7 

10.4 

1. 

3.8 

2.3 

Potato tubiu's . . 

60.9 

18.3 

2.4 

4.6 

7. 

1.7 

.9 

1.9 

2.7 

Stalks of ludian corn 

36,3 

8.3 

10.8 

5.7 

5.2 

1.25 

2.4 

28.8 


Wheat-grain . . 

31.3 

46.1 

3.2 

12.3 


3.2 


1.9 



6GG. The foregoing table indicates that wide diversity exists 
in the amounts of the ordinary ash constituents of common 
plants. But comparison of a large number of analyses shows 
that the following general statements may be made : — 

1. Plants which closely resemble each other in structural 
characters have substantially the same proportions of ash con- 
stituents. 

2. The proportions of the ash constituents in any part of a 
plant may vary within certain limits ; and these limits ma}’ differ 
at different periods of growtli. 

3. The proportions may vary widely for different parts of the 
same plant. 

667. Not only are the elements enumerated in the first list in 
665 always present in the ash of flowering plants, hut they are 
shown by experiment to be indispensable to their full develop- 
ment; and there is a reasonable cei'tainty that iron, sulphur, 
and probably chlorine, should be placed in the same categoiy of 
indispensable elements. 

According to Niigeli,^ some of the flowerless plants, notably 
the moulds and the schizomycetes, can attain full development 
with fewer elements. 

WATER-CULTURE. 

668. Apparatus. While chemical analysis of the ash of plants 
reveals the character of the mineral matters which they absorb 
from water and soil, it cannot materially aid the investigator in 


1 How Crops Crow, 1868, p. 150. 

* SitzuBgsb. d. bayer. Akad., 1879, p. 340. 
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learning the office of each constituent. This is more satisfac- 
torily accomplished by water-culture, which, reduced to its sim- 
plest terms, consists in furnishing to the plant under proper 
conditions different mineral matters in aqueous solution, and 
noting their effects upon it. It has been long knowm that plants 
can be grown to a; considerable size in ordinary liver- wateiy or 
water holding in solution certain mineral salts. ^ But it was not 
until 1858 that the method of. water-culture was systematically 
applied by . Sachs, Knop, and Nobbe to the investigation of the 
relative value and the office of the different mineral constituents 
in the nutrition of plants. ■ It has ■ since been widely employed in 
the examination both of flowering and flowerless plants. 

669. The method adopted for ordinary flowering plants is es- 
sentially as follows : seeds are made to germinate upon some clean 

support, for instance moist sponge or ; ' 

cotton, horse-hair cloth, or perforated 

parchment-paper, and when the root ■ ^ M 

of the seedling is a few centimeters W 

long and the plumule 'is somewhat ■■ % § 

developed, the plan tlet iS' secured to 

a firm support at the surface of a cy- . 

lindrical glass vessel, in such a man- 

ner as to allow the roots to dip into 

the nutrient liquid which it contains, 

while the body of the seed is not im- . 

mersed. One of the simplest sup- '. 

ports for the piantlet is . shown . in 

Fig. 145. A perforated cork is cut m 

in halves, and the' two parts are held. " /i ■ . 

together by a . spring. The pressure ^ ■ 

exerted by the. spring, is siiflieient to ' . , 145 

keep the piantlet in place, and- not 

enough to injure it 'in any way.; ' When the plant has attained 
the height of a few inches, it is well* to provide a firm rod at the 
side of the cork, so that the' stem can be held in- place. Certain 
precautions have been found advantageous : (1) the roots in the 
liquid should be kept darkened ; (2) the solution should he fre- 
quently renewed. ■' ,: 

When skilfully 'managed, this method of 'culture ' gives very 


^ Woodward (Philosophical Transactions, 1699) and Bahamel (Trait4 des 
Arhres, 1765) have given accounts of their eultivation of various plants In 
"this' wav.' 
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satisfactory results; in many cases plants liave been carried 
safely throughout their whole development from seed to seed. 
The principal difficulties arise from the invasion of moulds, and 
from the continual changes which the nutrient solution under- 
goes. 

670. In Tharandt,^ where the method has been very success- 
fully applied in numerous series of cultures, the following out- 
fit suffices: (1) small glass vessels covered with gauze, upon 
which the seeds swollen by twelve boars’ immersion in water, 
and siibsequenth^ sprouted on filtering-paper, are placed for 
further development ; (2) wide-mouthed vessels of the capacity, 
respectively, of one, two, and three liters, each of which is pro- 
vided with the spring and cork already described. 

671. By the careful use of these simple appliances the role 
which each of the ash constituents plays in the life and growth 
of plants has been ascertained. But although there is a sub- 
stantial agreement among experimenters as to the more impor- 
tant points, there are a few unsettled questions.^ 

672. Normal nutrient solution. It is plain that an aqueous 
solution of the salts necessary for the most active and complete 
development of the plant should have these salts in the right 
proportion. The solution advised for ordinary use in the above 
experiments is generally known as the Tharandt normal-culture 
solution. Nobbe ® gives the proportions as follows : — 


^ Success in water-culture demands the closest attention to all the external 
conditions of the plant. The amount of light and heat must he carefully regu- 
lated, and the ]dants must he kept free from any insects and parasitic fungi. 
The latter is one of the most difficult and discouraging tasks connected with 
the method of experiiiieiiting. In order to secure the best surroundings for 
the cultivation of plants in water, a heavy table moving with wdieels on rails 
has been ernjdoyed at the experiment-station at Tliarandt ; upon this the glass 
vessels can l)e carried with the l(‘ast liability to jarring, from tlie open air in 
the daytime to a suitable protection at night or during wet weather. 

- it is to be borne in mind that the conditions of water-culture 

am vfMT unlike those of ordinary culture in respect to the surroundings of the 
roots themselves, and it is believed that to this difieivnee of conditions may be 
ascribed some of tlie unsettled questions. The rootThairs developed in contact 
witli moist particles of soil are not the same as those grown in water alone. 
To av<ad this possible source of error, vaiioiis finely divided substances have 
been suggested as a proper siipport for the roots and rootlets ; for instance, 
the charcoal from sugar, powdered quartz, etc. When these are. employed, the 
roots of the plant are made to grow directly in the artificial soil which is 
watered with the experimental solutions. 

® By the use of tliis solution buckwheat plants can be carried through their 
entire development, as is shown by Nobbe, in Versuclis-Stationen, 1868, p. 4. 
He arranged nine plants in five vessels, each of three litres capacity, in such 
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4 Equivalents of . . . . . . . . . Potassic chloride 

4 Equivalents of . . . . ... . . Calcic nitrate 

1 Equivalent of . . . Magnesic sulphate (crystallized) 

One part of the mixture of these salts is to be dissolved in 
one thousand parts pure water, and then a trace of ferric phos- 
phate is to be added, and at times during any culture a trace 
also of potassie phosphate. The proportions of the above salts 
to a liter of water are given as follows by Bi'etfeld : ^ — 


Potassie chloride 207 

Calcic nitrate .456 

Magnesic sulphate , .171 

673. Pfeffer recommends the formula suggested by Knop : ^ — 

Calcic nitrate 4 parts by weight 

Potassie nitrate . . . 1 part by weight 

Magnesic sulphate, (crystallized) ... 1 part by weight 

Potassie phosphate ....... 1 part by weight 

These salts are to be thoroughly mixed and the mixture used 
in the proportions of toVo-j siu water. To the 

solutions, when ready for use, a drop or two of a solution of 
some iron salt, or a decigram of ferric phosphate, must be 
added. 

674. According to Knop, the first of the solutions mentioned 
above (one half pro mille) is as dilute as can be useful; and on 
the other hand, a five pro mille solution is as strong as can be 
employed with safety. But the stronger solution should be used 
as the plant comes into flower. The slight turbidity which is 
frequently noticed in these solutions may be disregarded. 

If the solutions become alkaline while in contact with the 
roots, as they are very apfc to do, a trace of dilute nitric acid 
may be added with advantage. But it must not be forgotten 
til at it is best in every case to renew the solutions frequent!}", 
and as a rule to employ them in tolerably large amounts. 
J^Ioreover, it is advantageous to pass a current of air occasion- 
ally through the solutions in wdiich the roots are placed, for the 
purpose of supplying more oxygen to them.^ 


a manner that 1 and 2 contained one plant each, 3 and 4 two plants each, and 
5 three plants. 

^ Das Versncliswesen anf demGebiete der Pflanzenphysiologie, 1884, p. 120. 
^ Lehrbuch der Agricultur-Chemie, i. 1868, p. 605. 

® For solutions for the cultivation of fungi various formulas have been pro- 
posed, only a few of which can be here referred to : (1) 3 to 8 grams of sugar 
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675. The constituents may be taken up by the roots in larger 
proportion than the needs of the plant demand. The excess 
may (1) remain in solution in the sap of the plant, (2) may es- 
cape to a slight extent through superficial parts, ^ (3) may form 
insoluble incrustations or concretions upon or in the plant.^ 

676. The office of the different ash constituents. Potassium, 
The most conclusive evidence in regard to the importance of this 
element is afforded by experiments by Nobbe, Schroeder, and 
Erdmann.® Plants of Japanese buckwheat were grown in a 
nutrient solution free from any trace of a potassium salt. Ex- 
amination after a tew weeks showed that all the organs of the 
plants wmre free from starch, and that although the points of 
growth remained sound, all growth had practically ceased. Even 
in the chlorophyll-granules not more than a trace of starch could 
be detected. As soon as a salt of potassium was added to the 
water, the plants began to grow again, and thenceforth the de- 
velopment was normal. From the same series of experiments it 
appeared that the chloride was the best form in which potassium 
could be given to these plants, and the nitrate the next best ; while 
on the other hand the phosphate and the sulphate appeared to 
exert a less favorable effect. After use of a solutioii of the latter 
salt the leaves were flesh}^ more or less rolled up, and it was 
evident that the starch formed in them was not transferred to 
the other organs of the plant. Nobbe’ s statement follows : 
“The production of starch in the leaves is not dependent upon 
the form in which potassium is afforded to the plant, but this 


in 100 cubic centimeters of water, to which ^ to 3 pro mille of the above salts 
(see 673) maybe added, and also a trace of ammonie tartrate (Pfeffer, Pfianzeii- 
physiologie, i. p. 254) ; (2) Pasteur (Ann. de Chimie et de Physique, 1862, 
]>. 106) recommends the addition to 100 c, cm. of water, of 10 grams of cane- 
sugar, .6 gram of arnmonic tartrate, and ,1 gram of the ash of yeast ; (3) Nageli 
fHitzungsb. d. bayer. Akad., 1879) has the following : 100 cm* water, 3 grams 
cane-sugar, 1 gram arnmonic tartrate, 4 grams phosphoric acid neutralized by 
the ash of peas or wheat; (4) Nageli suggests also, for the cultivation of 
Bchizomycetes, 100 c.cm. water, .1035 gram hydro-potassic phosphate, .016 
gram magnosic sulphate, .013 gram potassic sulphate, .0055 gram calcic 
chloride. 

1 Bachs ( Botanische Zeitung, 1862, p. 264) states that drops of water placed 
on the leaves of Tropseolum and Cucurbita are found after a time to be alkaline. 
Baussure (Recherches chimiques, 1805, p. 263) asserts that if leaves of fresh 
plants are washed with water, the ash which they yield on combustion is found 
to be poorer in alkaline salts than that of leaves which have not been so treated, 
CVstoIiths and the like, the incrustations upon certain species of Saxi- 
frage, are cited as examples of the latter. 

® Versuchs^Stationen, xUi., 1870, p. 357. 
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^ Pflanzenphysiologie, i., 1881, p. 259. 

^ Boehm : Sitzungsb. d. Wien. Akad. Band IxxL Abth. i., 1875, p. 481, 

0 Text-book, 2d ed., 1882, p. 699. 

^ If these [alkaline phosphates] substances are mixed with a solution of 
jumin, or if a solution of them is permitted to diffuse against one of albumin, 
nuch greater amount of the latter will pass through the menabrane than 
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679. Iron?- When a plant is provided with a nutrient solu- 
tion containing all essential elements except iron, its chlorophjll- 
graimles fail to attain complete development. The}" remain in 
an imperfect condition, and do not have the characteristic green 
color. Upon the addition of a mere trace of a salt of iron to the 
solution a change is observable at once, the granules assuming 
th( 3 ir proper shape and color. Plants grown in a solution witli- 
ont iron have a pale and even blanched look, which at once 
disappears when iron is added ; moreover, a local eifeet is pro- 
duced when a solution of a salt of iron is placed on the surface 
of the blanched leaves of such plants, — a green color is given 
wherever it touches. But it must not be supposed that the fail- 
ure of some ieaves to produce chlorophyll at certain points or 
spots is always due to absence of iron. 

It is not clear that iron, which is so necessaiy to the produc- 
tion of chlorophyll, enters into the composition of either the 
granule or the pigment; but according to Pfeifer there is a 
strong probability that in the latter it exists in the form of some 
organic compound. Iron has been found in the cell-wmlis of cer- 
tain algm - (as an incrustation), and also in the fruit of Trapa 
natans, the frond of Lemna trisulca, and sparingly in other 
plants, as shown by the analyses collated by Wolff. 

G80. Chlorine. This element appears, from experiments by 
Nobbe® and Beyer, Ho be indispensable to the full development 
of some plants {e, ^ 7 ., buckwheat), but it is not required for many 
others {e. Indian corn).® Nobbe concludes, from his experi- 


wouM otlitTwise be the case. In the life of the plant this work of the alkaline 
phosphates plays a very important rOle” (Physik der Pflanze, 1867, p. 129). 

^ That iron is indispensable to the full vigor of plants was shown by Eusebe 
€ri8 in 1843, and the .subject was further studied by Arthur Gris in 18f>7. 
Saluidlorstnair (in 1856), Sachs, and others have added much to the knowledge 
of the .subject, showing that no other element can rfcqdace iron in producing 
the changes not(3d above. 

2 Cohn ; Beitriige zur Biologic der Pflanzen, 1870, p. 119. 

3 Versuehs-Stationen, vii., 1865, p. 371 ; xiiL, 1870, p. 394. 

^ Versuclis-Stationen, xi,, 1869, p, 262. 

^^Knop: quoted by Pfeffer, Pflanzenphysiologie, i., p. 259. 

Ihe conclusions reached by Johnson in 1868 appear to need little modifica' 
tion at the present date. 1. Chlorine is never totally absent. 2. If indis- 
pensable, but a minute amount is requisite in the case of the cereals and clover. 
3. buckwheat, vetches, and perhaps |>eas, require a not inconsiderable amount 
of chlorine for full development. 4. The foliage and succulent parts may 
include a considerable quantity of chlorine that is not indispensable to the life 
^ the plant ” (How Crops Crow, p. 182). 
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meets, that it is required for the transfer of starch. Associating 
this view with what is known regarding the office of potassium, 
it is eas}’’ to see "why potassic chloride should be so useful a 
salt.^ 

681. Sulphur is absorbed hy plants in the form of the soluble 
sulphates. These are believed to undergo immediate decompo- 
sition in the plant; for example, calcic sulphate is decomposed 
at once by oxalic acid, and calcic oxalate is formed. The sul- 
phuric acid thus set free is reduced, the sulphur entering into 
the constitution of the albuminoids^ (see 884). 

682. SoiUurn salts cannot "wholly replace potassium salts in 
the plant; nevertheless, for a portion of the potassium needed 
by the plant an equivalent amount of sodium can in some eases 
be substituted. It has been found possible to cultivate success- 
fiiliy some maritime plants which normally contain a certain 
amount of sodium salts, when potassium has replaced sodium 
in the water furnished to the plant, 

683. Barer coiistitiieiits* Besides the ash constituents always 
detected iu plants, there are certain elements which are only 
occasionally met with in greater or less amount, and these will 
be next considered. 

684. Siliciiirn. This element is so abundant in the ash of 
man}” grasses, Eqiiisetaceae, etc., that it almost claims a place 
in the list of indispensable elements ; but experiments have 
shown abundrnitiy that in gi'asses at least, the proportion of it 
present can be reduced to a very low point without materially 
affecting the vigor of the plant or the strength of the culms. 
Thus Sachs® showed, in 1862, that the amount of silicic acid in 
the. ash of Indian corn could be reduced from 18 per cent to .7 
per cent, without injurious effect on the plant. 

685. Zinc has been detected in many plants grown on soil 
containing it in considerable amounts; foiv instance, that at 
Altenberg^ (near Aix). Freytag^ found that all plants experi- 
mented upon were able to absorb more or less zinc wiien it 


1 Bretfeld : Das Verenclisweserij 1884, 134. 

2 Hoizner: Flora, 1867. An interesting paper by Hilgers (Pringsh. Jalirb., 
vi., 1867, p. 285) gives an aceoiiiit of the formation of erystals of calcic oxalate 
in various parts of i)lant.s, and presents certain speculations as to their origin. 

® Flora, 1862, p. 53. Further experiments ai'e recorded by Knop (Ver- 
snchs-Stationen, iv. , 1862, p. 176 ), Eautenberg and Kiihn (Versuclis-Stationeii, 
vL, 1864, p. 3o9), Birner and Liicanus {Yersuchs-Stationen, viil, 1866, p. 141). 

^ Sachs : Handbuch der Experimental- physiologie, 1865, p. 153. 

® Chemisclies Central-blatt, 1870, p. 517. 
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was otoed in large amount; nevertheless, Gorup-Besanez * 
could detect none in peas and buckwheat cultivated in a soil 
containing a fair amount of zinc carbonate. It is sometimes 
said that Viola tricolor and Silene inflata grown on zinc soil take 
up an appreciable amount of this element; and further, that 
certain plants are directly aifected in shape b}' the presence of 
zinc in the soil ; in fact, varieties based upon this supposed 
relation have been described. The experiments of Hofimann/ 
however, throw much doubt upon the relation of the zinc to a 
change of form, except in the single ease of Viola lutea. 

Aluminium ^occurs in traces in many plants, while in species of 
Lycopodium (e. g. complanatum) it is present in large amount. 

Manganese Ms abundant in the ash of Trapa natans, Qiiercus 
Robur, and Castanea vesca. 

Cmsium and Rubidium ^ have been detected by the spectro- 
scope in minute amounts in many plants. 

Fluorine^ has been found in the ash of Lycopodium clava- 
tum, and traces of it in other plants. Iodine and Bromine ^ are 
found in marine algae, in much smaller proportions in aquatics 
growing in estuaries (for example, Zostera), and in minute 
amount in some plants grown far from the sea. 

Barium, Strontium, and Silver have been found in the ash of 
Focus. Mercury, Lead, Copper, Cobalt, Nickel, Tin, Thallium, 
Selenium, Titanium, and Boron have all been found by analysts 
in the ash of certain plants, but alwa3'S in the merest traces. 
Arsenic® has also been detected in a few instances. 


^ Annalen der Cheniie and Pharraacie, cxxvil, 1863, p. 243. This paper 
■contains an account of the relations of agricultural plants to metallic poisons. 

2 Botaiiische Zeitung, 1875, p. 628. 

s Kiiop^: Lebrlmch, p. 263 ; Roclileder: Phytochemie, 1854, p. 237. 

Wolifs Die Mittlere Ziisammenseteung der Asche- 
^ Laspeyres: Annalen der Chemie und Pliarmacie, cxxxviii., 1866, p. 126. 
^ Salm-Horstrnar ; Annalen der Physik und Chemie, cxi., 1860, p. 339. 

^ Chatin, in Comptes Eendus, Ixxxil, 1876, p. 128. 

8 Numerous references to the Hterature of this subject will be found la 
Sachs’s fixperimental-physiologie, and in Mayer’s Lehrbnch der Agrikuitur- 
■cliemle* ; 
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OF WATER THROUGH THE PLANT. 

a constituent Of all active cdls 
he cell possesses a marked affinity for i*’ ^ 
t in istract it from the ordinary 
rtain conditions releases it again. If ^ 

•tv is removed from water and exposed to fh® 
bv evaporation a considerable part of its 
riishows the effect 

T/tS pllnfinStod above the surface 
iosTwhich takes place will be partially 
through the cells remaining 
1 ov "hv this simple cxpcnnieiit • (1) I 

af to nrevent very rapid evapo- 
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of water, and thus prevented from coming in contact witli those 
around it. According to this hypothesis, all the water in a cell- 
wall is practically continuous, and can flow freely between the 
micellie; therefore, if a cell contains its maximum amount of 
water, and the cell-wall is tense, the wniter is in a state of equi- 
librium. Likewise in a tissue containing its maximum amount of 
wattn* this is in equilibrium. But the balance can be easil}” dis- 
turbed in a plant by evaporation from the surface, or b 3 ^ other 
causes ])efore mentioned. If, however, a sufficient part of the 
absorbing surface of the plant is in contact with water, the bal- 
ance can be restored, since the water in the cell- walls is practi- 
cally continuous with that in the surroundings. The equilibrium 
is restored by the transfer of the water outside the cell- wall to 
the (adi-wall itself, and thence to the parts within. The tendency 
to the restoration of the equilibrium of water in a plant is so 
great that root-hairs can abstract even the firmly adherent hygro- 
scopic water from particles of soil (see 644). From the roots or 
otlier absorljing organs the water passes sooner or later to the 
place of consumption. 

690. Ill most cellular plants and in masses of cellular tissue 
all the cell-walls have substantially the same capacity for transfer 
of water ; but in all plants which possess a fibro-vasciilar system 
the transfer takes place chiefly by means of the ligoified cell- 
walls ; and even in cellular plants like mosses, it is in those cells 
which are elongated and otherwise cliflerentiated to form an im- 
perfectly develo}>ed framework that the rapid transfer is made. 

091. Transfer of water in woody plants. In ligneous plants 
tlie watm* is transferred most rapidij’' tiiix)iigh the woody tissues. 
This is (experimentally proved by “girdling” their stems ; that 
is, iHunoving a ring of bark without injuring the wood. For a 
time the kxives remain fresh, and the plants appear to suffer 
only slightly, if Indeed ' at all. An early experiment in. regard 
to the transfer of water is that by Hales (in 1731), who says 

I cut off' the bark, for one inch length, quite round a like 
branch of the same oak; eighteen days after the leaves were 
as grcjen as any on the same tree.”. ■ Further experiments have 
shown that the rapid transfer is made chiefly in the yomiger 
wood of the stem, and not in the heart- wood ; and, also, that 
the water is transferred most rapidly in the, portions of new wood 
having the coarser texture known as spring wood ^ (see ,395).; . 


^ Statical Essays, i., 4731, 'p.' 130. 

* Sachs: Vorlesungen iiher Pflanzenphysiologie, 1882, p. 275. 
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692. The converse of Hales's experiment is equally conclu- 
sive. If the continuit 3 " of the wood of a stem is interrupted bj 
the removal of a short truncheon without at the same time much 
injuring the bark, the leaves wither in a short time. Cotta ^ 
asserts that upon a shoot of willow which still maintains its 
connection with the plant through the bark, but has had a sec- 
tion of wood removed, the leaves will wither as quicklj^ as they 
would upon a shoot wholl,y severed from the parent plant. 

693. That water can be convejXTl through the stem in a 
direction opposite to its normal course is shown in an experi- 
ment hy Hales : “1 took a large branch of an apple- tree, and 
cemented up the transverse cut at the great end, and tied a wet 
bladder over it ; I then cut off the main top branch w3iere it was 
I inch diameter, and set it thus inverted into a bottle of water. 
In three days and two nights it imbibed and perspired four 
pounds two ounces and one half of water, and the leaves con- 
tiiiued green ; the leaves of a bough cut off the same tree at the 
same time wntli this, and not set in water, had been withered 
foity hours before. 

694. Betermiiiatioii of path and rate' of transfer. Two modes 
of experimenting have been empk\yed in order to ascertain ex- 
actly the path and the rate by whicli water is transferred tlii’ongii 
ligneous plants. The first of these consists in using a colored 
solution, which, when taken into the plant, tinges all the tissues 
with which it comes directly in contact. The stem or branch 
used in the experiment is cut sharpH off and its end is plunged 
at once into a colored solution, for instance, of some aniline 
d^^e or some colored vegetable jnicie. As the liquid ascends the 
stem, certain portions of the tissues become more or less deeply 
tinged, and its course and rate of ascent can he traced sec- 
tions made at any given time, at different distances above tiie cut 
end. A similar method has been also emplo 3 x*d hy plunging in 
colored water the uninjured roots of the plant to be examined,® 


1 Quoted by Pfeffer: Pfiaiizeiiphysiologie, i. 123. 

2 Statical Essays, i., 1731, p. 131. 

® Quel qiie soit le liquide employe et les variations de Pexperience, les 
r&ultats geiieraiix out pen varie, savoir ; que Feau coloree ne penetre ni par 
Fecoree ni par la iiioelle, mais toujoiirs au travers dii corps ligneux, taiit5t 
dans toiite son etendue, qiielquefois dans sa partie la jdus jeiine, savoir, I’ex- 
terieur du corps lignenx des exogenes, et rinterieur des endogenes. On obtient 
ce m^me resultat general, soit qu’on plonge les jdantes munies de toutes leiirs 
mcines, soit qu’on emploie des branches coupees” (De Candolle’s Physiologie 
vegetale, p. 83). 
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695. The two objections to the first method are ; (1) that the 
protoplasmic body of the cell resists the entrance of nearly all 
coloring-matters, therefore with many dyes it is necessary to 
experiment with cut stems and branches, allowing the dj^e to 
enter at the cut surface; but, as will be shown later, a cut sur- 
face which has been exposed to the air, even for an instant, 
loses part of its power of absorbing water ; (2) it is by no means 
certain that the dye passes through the stem as rapidly as the 
water in which it is dissolved. That it does not, seems more 
than probable from the simple experiment of suspending one 
end of a strip of filter-paper in a solution of any dye ; the water 
will rise i aster than the dye, and form a moist space above that 
part of the paper which becomes colored. 

696. The second method of experimenting is based upon 
the ease with which certain chemical substances foreign to the 
plant can be detected in it if once tliey can be introduced into 
and carried through its tissues. Dilute solutions of salts of 
lithium, for instance the citrate, serve best for this method, and 
Pfitzer suggests that they be applied to the roots of a plant 
which has been allowed to wilt somewhat from drought. 

697. The two objections which maybe urged against the second 
method, are; (1) the chemical used may cause more or less dis- 
turbance in the plant, and may even excite disordered processes, 
and it is plain that no correct conclusions relative to the rapid- 
ity of transfer in a healthy plant can be drawn from one which 
is in a state of disease ; (2) the presence of a diffusible salt, for 
instance one of lithium, may change the osmotic relations of the 
tissues with which the salt comes in contact. But in spite of 
tliese serious difficulties, these methods are of considerable use 
when cautiously emplo^'ed. 

698. The above methods indicate that the most rapid transfer 
of water is through the lignified cell- walls of the framework of 
the plant. The source of supply at the root furnishes the need- 
ful amount of water to the ligneous tissues of the fibrils, and 
these convey it to the converging bundles which constitute the 
framework of the plant. In the leaves the framework divides and 
subdivides to form the network of the leaf blade, and here the 
ligneous cells and ducts are in intimate contact with the paren- 
chyma cells which make up the pulp of the leaf. That water 
finds its way by preference through the fibro- vascular bundles 
even in the more delicate parts, is shown by placing the cut 
peduncle of a white tulip, or other large white flower, in a harm- 
less dye, and then again cutting ofi* its end in order to bring a 
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fresh surface in contact with the solution, when after a short 
time the dye will mount through the flower-stalk and tinge the 
parts of the perianth according to the course of the bundles. 

699. of ascent. The following are some of the discor- 

dant results obtained by the methods mentioned in 694 : — 

Rate of ascent per hour. Observer. 

. 42-100 cm. . . . . . . McNab. 


Name of plant. 

Pi’uiuis Laurocerasus 
Salix fragilis . . . 

Vitis viiiifera . . . 

Hicotiana Tabaciim . - 

Heliaiithiis 2200 “ ..... . Pfitzer. 

700. But little is known as to the reason of the high conduct- 
ino* powder of ligneous tissues. That it is not wholly due to 
capillarity (as has been suggested on account of the abundance 
of ducts of small calibre in most wood), is shown by the struc- 
ture of the wood of coniferous plants in which no ducts are 
present. Again, at the very time when the evaporation from 
leaves of plants is most rapid, and the transfer of water to sup- 
ply the loss must be greatest, the cavities of the ducts are not 
wholly filled with liquid, but contain a considerable amount of 
air ; whereas according to the theory of capillarity they should 
contain only liquid. By a very ingenious series of experiments 
Sachs has determined the relative amount of space occupied by 
the cell-walls, water, and cavities in several fresh woods. In 
the case of fresh coniferous wood he found the following ratios 
in 100 cubic centimeters of wood: — 

Cell- wall, reckoned as dry . 24.81 

Water, in the cell-wall and in the cavities . ... . 58.63 
Air-spaces . . . . • * • ... • * • • * 

But, as Sachs says, since neither intercellular spaces nor ducts 
are present in this wood, the 16.56 per cent of air must he eon- 
in the cavities of the wood-cells ; and further, since the 
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absorbed to cause a swelling of the tissues and a closing of the 
crack In this condition it is safe to assume that the cell-walls 
themselves are saturated, but that there is no liquid water in the 
cavity of the cells. The difference between the weight of the dry 
and that of the saturated disc gives the weight of the water 
taken up and held; this, converted into volume, is found to be 
approximately one half that of the space occupied by the cell- 

wall itself. . , 1 „ 

702 The water wliich is tixkGii up iu rGltitivol}’ sinuill SLiiioinit 

and held in the micellar interstices of lignified cell- wall is in the 
state of ecjuilibrinm previously described. When, however,^ this 
e(iuili!)riiun is disturbed by evaporation at any point, there is an 
immediate transfer of the imbibed water to that point, and the 
loss from this transfer rnnst be made good at once by the recep- 
tion of more water. This interstitial transter iiia} take place 
through any length of woody tissue, provided there is a con- 
sumption of the water at one extremity and an adequate supply 
at tlie other. When the consumption of water is only that wdiicli 
is due to the opening of growing buds, or to some chemical pro- 
cess, a slow transfer of water to the point of consumption ^ must 
take place. When, however, it is due to evaporation from the 
leaves, the transfer is exceedingly rapid. 

703. Boehm - considers the ascent of w\ater in ligneous tissue ® 
to be a plieuomenoii of filtration caused b^ diffeiences iii pics- 


i A similar transfer can be dernonstratfid to take place iii porous inorganic 
niattei', for instance powdered hydrated gypsum. If a long tube be hlicd 
this material and well saturated with water, one end being placed in water 
and tlu' other exposed to a dry atmosphere, the continual loss by evaporation 

ak)ve will be nnade good by water brought up from belo\v. 

.lamin’s apparatus for demonstrating the xuessure exerted by the imbibition 
of water bv a porous substance consists of a cylinder, in tlie mouth of whi(.‘li 
can be )da<‘,(;d a tightly fitting plug of wood, through whi(;h passes a ma- 
nomt‘tpr tube. The pulverulent substance, for instance ziiu^ oxide, is (dosely 
]tarkcMl in tlni inttrior of the cylinder, around the open end of the manomet(U', 
and the whole appaTatus is then placed in water. "Witli zinc oxide the ma- 
nometer shows a pressure of five atmospheres; with powdered starch, more 
than six atmospheres. If a manometer is similarly placed in a block of dry 
chalk, and the chalk is then submerged, a pressure of three to four atmos- 
pheres is indicate<l( Legons professees devant la Societe cliiniique, Seance du 
8 mars, 1801, quoted by Beherain : Cours de Chiinie Agricole, 1873, p. 165). 

^ Ann. des Sc. nat, ser, 6, tome; vi., 1878, p. 236. 

3 As might be expected, woody tissues never conduct water so readily in a 
transverse as in a longitudinal direction. Experiments with regard to this have 
been conducted hy Wiesner (Sitzungsh, d. AYien Akad., Bd. Ixxii. 1 Abth., 
1875) niK>n cubes of wood. Four sides of these were protected by varnish 
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sure in contiguous cells. . . . In parenchymatous tissues filled with 
sap the movement of water caused by evaporation is a function 
of the elasticity of the cell- walls and of atmospheric pressure.’’ 

Herbert Spencer has shown that when a cut stem is quickly 
bent backwarrds and forwards there is a marked increase in the 
rapiditj^ with which colored fluids ascend through it. ‘‘To 
ascertain the amount of this propulsive action, I took from the 
same tree, a Lanrel, two equal shoots, and, placing them in the 
same dye, subjected them to conditions that w'ere alike in all 
respects save that of motion : wdiile one remained at rest, the 
other was bent backwards and forwards, now by switching and 
now b}^ straining with the fingers. After the lapse of an hour 
I found that the dye iiad ascended the oscillating shoot three 
times as far as it had Uvscended the stationary shoot, this re- 
sult being an average from several trials. Similar trials brought 
out similar effects in other structures,” ^ 

704. Ei*tect upon transfer of exposing a cut surihice to tJie sih\ 
One of the most interesting diaracteristics of the woody tissues 
ill relation to the transfer of water is the immediate change 
which the cut surface of a stem undergoes upon exposure to air, 
Tuifitting it for its full conductive work. De Fries ^ has shown 
that when a shoot of a vigorous plant, for instance a Heiiantlms, 
is bent down under water, care being taken not to break it even 
in the slightest degree, a clean sharp cut will give a surface 
which will retain the power of absorbing water for a long time ; 
while a similar shoot cut in the open air, even if the end is in- 
stantly plunged under water, will wither muclo sooner than the 
first. Shoots cut in the inamier first described remain turgesceiit 
for several days. If a cut shoot placed in water has begun to 


■against the entrance and exit of water, and one of the two snrlaces remaining 
nneovered was placed in water, the other exposed to air, wlien the transfer of 
water through the wood was h)iiud to be more raj)id in a longitudinal tlian in 
a transverse, and in a radial than in a tangential direction. 

Another method of experimenting was also enqdoyed by him ; five sides of 
a cube of wood were surrounded by separated portions of dry calcic chloride, 
and the remaining side was placed in contact with w’ater; the differeiiccv in 
rate of transfer ascertained l)y comparing the weights of the portions of calcic 
chloride after a fixed time was found to be essentially that given hy the other 
method. 

Experiments by Sachs (Arbeiten des botan. Tnstitiits in Wiirzbiirg, 1879, 
p. 29S), in which water was forced in different directions through the wood of 
coniferous stems, show’ed, however, that under pressure water passes through 
wootl more readily in a tangential than in a radial direction. 

^ Transactions of Linmnan Society, xxv., 1866, p. 405. 

^ Arbeiten des botan. Inst, iif Wiirzhurg, i., 1874, p. 292. 
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wilt euttiiK^ off the stem a little higher up will cause it to regain 
in pkrt the power of absorption which it lost upon exposure. 

705 Although osmosis can have very little to do directly 
with the rapid transfer of water through the stem, branches, and 
leaves, it plays, as has been seen, a very important part in the 
introduction of water into the plant, and in supplying the requi- 
site. amount of it to cells which lie, so to speak, away from the 

main channel of transter. .i, 

700. Pressure and “ bleeding.” If, before its leaves unfold, 
a grape-vine be cut off near the root, or a little higher up on the 
stem, the cut surfaces will bleed copiously. The part connected 
with 'the roots will continue to yield a supply of watery sap for 
a considorafde time. The flow is plainly regulated to a very 
great degree by the surroundings of the plant, being accelerated 
by heat and checked by cold. It is not merely passive ; the 
application of a suitable pressure-gauge shows that the escaping 
liquid exerts much force. 

One of the early experiments on this subject was made by 
Ilales,^ who found the pressure in the case of the grape-vine 
to be equal to thirty-eight inches (105 cm.) of mercury, or more 
than forty-three feet of water. Other experimenters have 
reported higher figures; for example, Clark found in Letula 
lenta a pressure of eighty-five feet of water. 

707. Pitra® has shown that a certain amount of pressure is 
exerted by sap, even in stems which have been severed from 
the parent plant, the lower extremity being placed in water. 
In some of his experiments he found that it was not exerted 
at once, but only after the lapse of a considerable time. He 
further shows that a considerable pressure is exerted by the 
sap which flows out of a cut stem the leaves and twigs of whicli 

are sulnnerged. ^ . . . i 

708. There are considerable individual differences in pun its 

as to the force with which the sap flows from wounds. Wilson 
found that while one specimen of Ampelopsis quinquefolia gave 


1 Statical Essays, i., 1731, p. 114. _ . . . 

2 The ayiparattis for deinoBstrating the pressure can he easily used, iietliiceti 
to ite siHiylest terms, it consists of a mercurial pressure-gauge, which 
securely attached to the wounded part of the plant. To the stump of the 
plant the gauge must he fastened by means of stout ruhher tubing, w dc 4as 
been made to fit tightly around both plaut and tube,^ and then wired lirm y 
to yirev'ent the escape of any liffi'^id* Dahlia variabilis, "Vitis^ vinifera, an 
Heliauthus annuus a.re good plants for purposes of demonstration, 

® Pringsheim’s Jahrb,, xi., 1878, p. 437- 



no pressure for the root-system, another showed a pressure of 
twenty centimeters of mercury. 

709. Bleeding is not by any means of universal occurrence in 
wounded plants. Horvath found none in the following cases ; 
Humulus Lupulus, Hedera Helix, Syriiiga vulgaris, and Sam- 
huciis nigra. In some cases there appears to be bleeding only 
from the cut root, none occurring from the stem. 

710. The bleeding from a plant may be gi’eatest immediately 
after the wound is made, or it ma}' in a few cases not reaeli a 
maximum for some hours or even days, after which it gradually 
deelines until it ceases. It maj^ recommence after the wound 
is reopened. According to Hartig,^ bleeding may continue in 
some cases for a month. 

711. The amount of sap which escapes during bleeding is 
variable even in the same species. The tbllowing cases show 
that the loss is very large 

Betuk papyracea, 24 hours, 63J lbs. (Clark). 

Agave Americana, 24 hours, 375 cubic inches (Humboldt), 

712. Hofmeister has giVen the following example, to show 
how large is the relative amount of sap which can dow from cer- 
tain plants. From a specimen of Urtica urens (stinging nettle), 
whose root-system had a volume of 1,450 cubic centimeters, 
there escaped in 2^ days 11,260 cubic centimeters of sap. 

713. The pressure at the cut surface of a plant varies widely 
in any given case, according to the surroundings. The following 
details of an experiment by Clark - will indicate the variations 
in pressure noted during a comparatively short time. 

‘‘ A gauge was attached to a sugar-maple March 3 1st, three 
days after the maxirniim flow of sap for this species. . . . The 
mercury [in the gauge] was subiect to constant and singular 
oscillations, standing usually in the morning below [its] zero, 
so that there was indicated a powerful suction into the tree, 
and rising rapidly witli the sun until the force indicated was 
sufficient to sustain a column of water many feet in height. 
Thus at 6 a. m., April 21st, there was a suction into the tree 
sufficient to raise a column of water 25.95 feet. As soon as tlie 
morning sun shone upon the tree the mercury suddenly began 
to rlse,^ so that, at 8.15 a. m, the pressure outward was enough to 


1 Botanische 'Zeitnng, 1862, p. 89., 

« EepoTt of the Secretary of the Massachusetts Board of Agriculture for 
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sustain a column of water 18.47 feet in height, a change repre- 
sented by more than 44 feet of water.” 

714. The pressure of the sap rises and falls with the tempera- 
ture. The greatest pressure in ligneous plants is found when a 
cold night is followed by a warm morning. This has been ex- 
plaioecrby the expansion of the air contained in the wood-cells 
and ducts. Detmer observed the greatest outflow of sap in the 
ease of the herbaceous plants Begonia and Cuciirbita to be at a 
temperature of from 25° to 27*^ C., and that the outflow ceased 
at 32° for Begonia, at 4B° for Cuciirbita.^ 

715. Besides the variations both in bleeding and in pressure 
of sap due to external influences there are some periodical 
changes which are not yet satisfactorih’ explained. Baranetzky 
found that the greatest extravasation of sap from the crown of 
the root took place in Bicinus between S and 10 o’clock a. m., in 
Ileliantbus annnus between 12 m. and 2 p. m., and in Helianthiis 
tuberosiis between 4 and 6 p. m., the plants being under essen- 
tially the same conditions. 

TIG. The great pressure exerted by sap under certain condi- 
tions is thus explained by Sachs. From the root-hairs, into 
which the water comes by osmosis, it passes by osmosis into the 
parenchymatous cells of the cortex. But a difliciilty occurs in 
answering the question why the turgescent cortical cells of the 
root expel their water only inwards into the woody tissues, and 
not also throogii their outer walls. We ma}’, however, here 
be bellied by the supposition that the micellar structure of the 
cell-walls is different on the outer and inner sides of the cells, 
and that those facing the exterior of the root are best adapted 
for permitting filtration under high endosmotic pressure.” 

Among the recorded experiments wliicli show a great root- 
pncssure is one by Clark, described by him thus : “ A gauge was 
attached to the root of a black birch-tree as follows, llie tree 
stood in moist ground at the foot of a south slope of a ravine, 
in such a situation that the earth around it was shaded by the 


^ A full and satisfactory treatment of this subject in detail will be fomid in 
the follo^Yin^ works : ^ 

SclircMler : Beitrag ,zur Kenntniss der Friilijahrsperiode des Aliorn {Pringsli, 
Jahrb., Yui., 1869). In this, the spring phenomena of the maple are clearly 
given. 

Baranetzky : ITntersuchungen ilber die Perindieitat des Blutens (Abliandl. 
des naturforscdiende Gesellschaft zu Halle, 1873). In this memoir the 
experiments cover a .wide range. ■ 

^ Text-book of litany, 2d English edition, 1882, p. 688. 
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overhanging bank from the sun. The root was then followed 
from the trunk to the distance of ten feet, where it was earefully 
cut off one foot below the surface, and a piece removed from 
between the cut and the tree. The end of the root was en- 
tirely detached from the tree and lying in an horizontal position 
at the depth of one foot in the cold, damp earth, unreached by 
the sunshine, and for the most part unaffected by the temper- 
ature of the atmosphere, measured about one inch in diameter. 
To this Avas carefully adjusted a mercurial gauge April 26th. 

1 The pressure at once became evident, and rose constantly with 

; very slight fluctuations, until at noon on the 30th of April it had 

; attained the unequalled height of 85.80 feet of water.’f^ 

i 717. Ffeffer'^ attributes the tendency of water to pass only 

inwards into the woody tissues wholly to the fact that upon that 
! side of the cells which faces the interior of the root the osmotic 

: capacity is greater. Within the plant the cell-walls are never 

I saturated with pure water ; but the imbibed liquid is different on 

\ different sides, and hence the plasma membrane in contact with 

f the sides must have different capacities for osmosis. 

I 718. In midwinter or in earliest spring some of the tissues 

I of ligneous plants are stored to a large extent with starch and 

( other solid products manufactured during the previous season. 

At the coming of w'armer weather chemical changes take place, 
largely following the absorption of water, by which these solid 
substances are transformed into a liquid state, occupy a greater 
space than before, and of course exert much greater pressure. 
^ The saecliarine sap of the maple represents that which dur- 

ing the early winter existed in the tissues as starchy matter. 
This conversion of material will be further discussed under 
'^‘Metastasis.” 

719. Exiidatloii of water from iiiiliijiired parts of plants. Un- 
der certain circumstances water can exude in a liquid form from 
iiniojiired parts ,v for instance, through ehiiiksf or ritts in the leaf- 
tips of many monocotyledoiious plants, and through water-pores 
of dicotyledons, especialh’ wdien these are young. Musset® 
reports eigiity-flve drops of liquid falling in one minute from 
the tip of a leaf of Colocasia esculenta. Duchartre^ gives the 
following figures : Twenty-five drops fell in one minute trom 


1 Report of the Secretary of the Mass. Board of Agriculture for 1873, p. 189. 

2 Pflanzeiiphysiologie, i., 1881, p. 170. 

® Comptes E.endus, Ixi., 1865, p. 683. 

^ Ann. des Sc. nat. hot., ser. 4, tome xii., pp. 247, 250. 
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the tip of a leaf of Colocasia antiquoriim, and 22.6 grams of 
liquid were coUected in one night. From the young leaves of 
certain Aroids water is sometimes ejected in a fine jet to a 
distance of a few inches.^ In these and the previous cases the 

liquid escapes through rifts. 

TRANSPIRATIOFI. 

720. The evaporation of water from the surface of the younger 
parts of plants exposed to the air makes, as has now been seen^ 
a continual draught upon the sources of water-supply. But 
while evaporation from the free surface of water oi fi om an^ 
dead membrane ceases in an atmosphere saturated with moisture, 
there is some experimental evidence to show that, under certain 
conditions of radiation, evaporation from the living plant ma^ 
continue to take place even when the atmosphere is completely 
saturated. This difference between evaporation from a free sur- 
face and that from a plant, although not fully established, ren- 
ders it advisable to employ for the latter phenomenon the tenn 
transpiration. This term is sometimes employed in Physics 
with another signification ; but its prior use in Vegetable Physi- 
ology should prevent any confusion. 

721. Stomata. Neither through the cutinized cell- walls of 
the epidermis, nor through the suberized cell-walls of cork, 
can transpiration take place to any extent ; ^ but at m 3 riads 
of points in the epidermis of leaves and 3 "Oung stems there aie 
minute orifices which permit the air outside the plant to come 
into communication with the air within. It has been shown in 
Part I. that these openings, the stomata, possess definite rela- 
tions as regards position to the intercellular spaces below them, 


1 Musset : Comptes Rendus, 1865. 

Mimtingh (1672), according to a reference in Flora (1837, p. 717), noted tlie 
projection of a small jet of water from the leaf of an Aroid, as from a iouiitain. 

* “ It is of the highest significance that those plants wMcdi are submerged, 
or those parts of plants which grow in the ground and therefore cannot lose 
water by transpiration, possess a cuticle which permits water and dissoHed 
matters to pass through with comparative facility ; while the parts growing 
in the air have a cuticle of a different quality, through which water passes only 
with difficulty, and thus they are protected from too great a loss of water 
(Pfeffer: Pfianzenphysiologie, i,, 1881, p. 139). 

The amOTint of a(iueous vapor which can escape through cuticle is very 
small. According to Bonssingault, .005 gram of water may evaporate in one 
hour from one sqiiare centimeter of the rind of an apple, while from^the surface 
of a peeled apple fifty-five times as much is lost (Agronomie, vi., 18/8, p. 349). 
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so that they may be fairly regarded as a part of the system for 
aerating the plant. 

722. By reference to the structure of the more common ttmas 
of leaves (see Chapter III.) , it will be seen that the terminations 
of the delicate fibrils of the framework approach very closely 
to the aeriferous spaces, and thus by the uninterrupted com- 
munication between the minute fibrils in the root-system, the 
stem-system, and the leaf-system of the plant, water which has 
been absorbed by the roots is brought finally to the parenchyma 
cells which surround the spaces under the stomata. If it 
evaporates from the outer side of the wall of these cells uito 
the intercellular spaces, the water may make its escape throug 
the stomata. 

723. Stomata are not mere epidermal rifts having an aper- 
tore of unvarying width. The guardian cells of a stoma are so 
arranged with respect to each other and the proper epidermal 
cells contiguous to them, that the width of the opening between 
them can be increased or diminished upon certain changes in 
the surrounding conditions. 

724. Mechanism of Stomata. In examining the mechanism ol 

stomata it is necessary to distinguish between their three parts 
which are shown in a vertical section ; namely, (1) the anterior 
- /a\ ti,., /.mre onrt the nosterior aroove, which is 
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increases, they curve more strongly, and the cleft widens ; but 
when their turgeseence diminishes, the cleft becouies straighter 
and narrower, it being clear that with increasing turgeseence 
the guardian cells must become more convex on the side of 
least resistance, and more concave upon the side of greatest 
resistance. 

727. Relidioiis of stoiiuita to external influences. In a classical 
s(‘ries of experiments upon the relations of stomata to their sur- 
roiindiugs, Mold Mias shown that when the uninjured leaves of 
(vrlain orchids, lilies, etc., are wet with water, the clefts of the 
stomata open ; but these plants form exceptions to the general 
rule, for it was found that in the greater number of cases studied 
the cleft closes when the stoma is bioiight in contact with water, 
in Amaryllis and the grasses, this closing takes place with great 
rapidity. 

728. Wiien a thin film of epidermis with its stomata is de- 
tached, and examined under the microscope, the behavior is the 
rciverse of that above. In a detached film the guardian cells of 
the stoma are partially freed from the action of the contiguous 
proper epidermal cells, and as a result the cleft widens w^heii 
water is applied, the turgeseence being increased ; but if a solu- 
tion of sugar in water is employed, the cleft grow's narrower, 
since the turgeseence of the cells is at once diminished by 
osmosis. 

According to Mohl, in a wilted leaf the clefts of the stomata 
are partially or wholly elosed, but the application of water causes 
them to ofien. If kept wet, they soon close again. 

729. The cleft of a stoma opens more widely in the light 
than in darkmiss; thus leaves of Lilium which have been kept 
in (iu5 dark in a saturated atmosphere for some days have the 
stomata (‘Josed, and when wmt the cleft opens only slightly. 
Upon exposure to sunlight, the cleft gradually opens. 

730. A<*c{ording to Van Tieghem,- stomata are always open 
in sunlight and closed in darkness. In order to cause open 
stomata to close, it is\ merely necessary to suddenly change the 
amount of light. This closing of the stomata takes place in half 
an hour wlien a bright light is replaced by diffused light. 

It has been found that heat has no marked effect upon the 
opening and closing of stomata ; thus when a plant is kept in 
darkness at a temperature of from 15° to 17° C., they are closed, 


^ Botaniselie Zeitiing, 1856. 

® Traite de Botanique, 1884, p. 636. 
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and will not open when the plant, still kept in darkness, is 
subjected to a higher temperature, say from 27'' to 30° C. 

731. From the foregoing, it appears (1) that stomata are 
delicately balanced valves, which are exceedingly sensitive to 
external iniiiences ; (2) that in wilted leaves the^y are partially 
closed; (3) that in most cases, on the application of liquid 
water, stomata which are open close ; (4) that strong light causes 
stomata to open widely ; (5) that a sudden shock causes them to 
close. 

732. Aiiioinnt of water given off in transpiration J This is 
determined chiefly by the balance. 

In the oft-cited experiment of Hales, ^ in 1724, the ainouiit 


1 The earliest experiments upon this subject appear to have been those by 
\yoo(,hvarcl in 1699 (Philosophical Transactions). They were made from July 
to October, and gave the following results (here reduced for convenieiice to 
grams) : — 

Name of plant and kind of 1 First weight of Final weight of Total amount of 
water furnished. 1 the plant the plant. water evaporated. 


Mint in rain water . . . 
Mint ill spring water . . 
Mint in Thames water . . 
Pea in spring water . . . 


Woodward’s most interesting observations relate to the ratio of growth to 
evaporation when plants are cultivated in different kinds of water. Thus 
when mint was grown in water mixed with garden earth, the ratio of growth 
to evaporation was 1:52 ; but when it was grown in distilled water, 1:214. 

2 “July 3, 1724, in order to find out the quantity imbibed and pers{»ired 
by the Sun-Flower, I took a garden-pot with a large Sun-Flower^ 3 feet -f- | 
high, which was purposely planted in it when young ; it was of the large 
annual kind. 

“ I covered the pot with a plate of thin milled lead, and cemented all the 
joints fast, so as no vapour could pass, but only air, thro’ a small glass tube 
nine inches long, which was fixed purposely near the stem of the plant, to 
make a free communication with the outw’ard air, and tliat under the leaden 
plate. 

cemented also another short gla.ss tube into the plate, two inches long 
and one inch in diameter. Thro’ this tube I watered the plant, and then 
stopped it up with a cork ; I stopped up also the holes at the hottom of the 
pot with corks. 

** I weighed this pot and plant morning and evening, for fifteen several days, 
from July 3, to Aug. 8, after wiiich I cut off the plant close to the leaden 
plate, and then covered the stump well with cement ; and upon weighing 
found there perspired thro’ the unglazed porous pot two ounces every tw^elve 
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transpired from a vigorous sunflower, three feet and a half high, 
cliiriog twelve hours of a very warm daj^ was one pound four- 
tee!! ounces, and, on an average, one pound four ounces was 
transpired every twelve hours. Any evaporation from the sur- 
face of the soil in the flower-pot in which the plant was growing 
was prevented by a lead cover. 

A still simpler method of preventing evaporation is to en- 
velop the flower-pot with a thin rubber membrane, and tie this 
tightly around the stem of the plant. A fresh supply of water 
can be given to the- -plant, at any time, by .means of- a- tube close 
to the, stem.,' In experiments upon transpiration the plant should 
,l>e weighed frequentlj', care being taken, to note 'all, the .external, 
conditions, such as light,- moisture of the atmosphere, etc. For 
wcigliiug, an open balance with large pans sliould be used. The 
f(.jrm known as the box scale, will answer all ordinary purposes ; 
but ibr delicate weighings one of special construction, having a 
long beam, is preferable. ■ ' 


lioiirs (lay, which being allowed in the daily weighing of the plant and pot, I 
found tlie greatest perspiration of twelve hours in a very warm dry day, to be 
one {)oiind fourteen ounces ; the middle rate of perspiration one pound four 
ouiK^es. The perspiration of a dry warm night, without any sensible dew, was 
about three ounces; but when any sensible, tbo’ small dew, then the per- 
spiration was nothing ; and wdaen a large dew, or some little rain in tlie night, 
the plant and pot was increased in weight two or three ounces. N. B. The 
weufhls I made use of were Avoirdux)oise weujhts. 

I cut otr all the leaves of this plant, and laid them in five several parcels, 
according to tlieir several sizes, and then in ensured the surface of a leaf of each 
parexi, by laying over it a large lattice made with threads, in which the little 
H(|uures were of an inch eaeli ; by numbering of which 1 had the surface of 
the Itavei In sqimrfj inches, "which .multiplied by the, number of the leaves in 
the correspondiog parcels, ..gave me the areanf all. the leaves ;. by which means 
I found the surface of the whole plant, above ground, to be equal to 5616 
square ' indies, , or ,S0 'square feet. -■ 

■ I-,, dug up another Sun-Flower, nearly, of "the same size,, which had eight 

main roots, reaching -.fifteen ■■.inches deep and sideways from .the stem : It had. 
teaides a, very thick hush of lateral roots,, from the eight main roots, which ex- 
tended- every way in a Hemisphere, about nine inches from. the stem and main 
roots. ' d 

In order to get an estimate of the length of all the roots, I took one of the 
mrun roots, with its laterals, and ineasured and weighed them, and then 
weighed the other seven roots, with their laterals, by whicli means I found the 
sum of the length of all the roots to he no less than’^1448 feet. 

“And supposing the periphery of these roots at a medium, to be fg of an 
inch, then their surface will be 2286 square inches, or 15.8 square feet ; that 
i.s, equal to g of the surface of the plant above ground ” (Vegetable Staticks, 
2d ed., 1731, void." p. 4), - 
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733. Vesqoe has devised an automatic apparatus^ by which 
the disturbance of the equilibrium of the balance as the water 
evaporates can be recorded upon a revolving drum. In this 
apparatus, as soon as the needle records tlie moment of descent 
of the beam, an electrical current releases a valve so as to per- 
mit the passage of a sufficient quantity of mercury to the losing 
side of the balance to restore the equilibrium. 

734. The registering apparatus of Ki*utizky^ is simple, but 
unfortunately can be used only with 

cut stems or branches. It consists 

of a U-tube filled with water, ill one 

end of which a leaf or stem (cut off \ 

under water) is inserted, through a ^ 

tightly fitting cork. Through a cork ^ - 1 

in the other end extends tiie short M 

leg of a siphon. In a jar of water f| | | H 

tiiere floats a tube balanced to keep 1 1| 

it erect. This is somewhat like an ii 

hydrometer (but open at the top), IB 

and contains a certain amount of H 

water into which comes the long leg |H 

of the siphon. When by evapora- IB 

tion from the plant water is drawn 

up through the siphon out of the 

floating tube, the tube (called a 

“-swimmer’’) of course becomes 

lighter and rises in the jar. If an 

index is attached to the swimmer, as in the figure, it can be used 
to record upon a revolving drum the rise of the swimmer as the 
plant transpires. To prevent evaporation from the water in the 
jar and in the swimmer, its surface is covered by a film of oil.® 

735. When a transpiring plant is placed under a bell-jar, a 
certain amount of the transpired water will collect upon the 
inside of the jar,- — often a sufficient quantity to appear as large 


1 for a Ml account of its construction see Annales des Sc. nat, s(Sr. 6, 
tome vi,. 1878, p. 186. 

2 Botamsche Zeitung, 1878, p. 161. 

3 A simpler piece of apparatus arranged by Pfeffer answers well for class 
dc-moiistration. It is easily understood from Fig. 147. The fall of water in 
the small lateral tube is very marked, but attention should be called to the 
varying pressure caused by the constantly changing level of the water in the 
tube. 

Fro. 146. Knifizky ’8 apparatus. 

■ ' US' ■ ■ 
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drops. This method of deiBonstrating transpiration has been 
used, when somewhat modified, by many investigators, notabl}’ 
Deherain.^ It is well adapted to class experiments, since very 
simple appliances^ can be used: for instance, 
a leafy stem can be inserted in a piece of 
pasteboard, and the cut end of the stem 
placed in a tumbler of water ; another tiiin- 
bler, inverted over the stem, rests on the 
pasteboard. The water in the lower tumbler 
is prevented from evaporating into tlie upper 
one. The amount of w^ater which collects on 
the inside of the upper tumbler comes wholly 
from the transpiration of the plant, and will be 
found to vary according to the surroundings 
(see page 275 

736. If a weighed 
amount of calcic clilo- 
ride is placed with a 
transpiring plant in a 
conli ned atmosphere , the 
salt will readily take up 
the aqueous vapor, and 
its increase in 
weight gives 
the amount of 
water exhaled by the plant. This 
method of measuring the amount 
of transpiration has been em- 
ployed by several experimenters, 
who have obtained results sub- 
stantially in accord. It must be 
noted, how^ever, that in this 
method the air to which the 
plant is exposed is rendered ab- 
normally dry by the presence of 
the salt, and the plant is there- 
fore subjected to an unusual draft upon its water-supply. 

7B7. Garreaif s method of comparing the relative amounts of 
transpiration on opposite sides of a leaf is based on that last 


i Conrs de Chimie Agricole, 1873, p. 180 et seq. 
Henslow. See Olivers Botany (1864), p. 15. 


Fig. 147. Apparatus for demonstration of transpiration. 
FiG. 148. Oarreau’s apparatus. 
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mentioned, and is of easy application. Two tubulated bell-jars, 
each furnished with a mercury trap (mand m^), are secured firmly 
with soft wax to opposite sides of any large leaf. In each bell- 
jar is a small capsule (a and d) containing dry calcic chloride of 
known weight. After a given time the salt placed in each bell- 
jar is weighed, and the excess over its original weight shows the 
amount of water transpired. The following are some of (3ar- 
reaif s results : — • 

(1) The quantity of water exhaled by the upper face of a 
leaf is to that exhaled by the lower as 1:1, 1 : 3, or some- 
times as 1 : 5. 

(2) There are marked but not exact relations between tho 
quantity of water exhaled and the number of stomata.^ 

738. Transpiration compared with evaporation proper. The 
evaporation from a given surface of water is between three and 
six times as great as that from an equal surface of green leaves 
similarly exposed. Unger ^ found that leaves of Digitalis pur- 
purea with a surface of five thousand square millimeters tran- 
spired from 3.232 to 1.232 grams in a given time ; while from an 
equal surface of water from 4.532 to 8.459 grams evaporated. 
Sachs® tbund that from a surface of siuifiower stern and leaf meas- 
uring 4,920 centimeters enough water transpired to form a layer 
2.23 mm. thick over the same surface ; while fi-orn an equal sur- 
face of water enough evaporated to lower the level 5.3 mm. 

Sachs also found that the evaporation from an animal mem- 
brane is greater than that from an equal surface of free water. 
When a surface of water is covered b}’ a moist layer of vegetable 
parchment, evaporation is somewhat retarded but even then it 
is greater than that from an equal surface of leaves. 

But the area of a leaf does not express its evaporating sur- 
face, since the latter consists of intercellular spaces which have 
been estimated to bear the ratio often to one to the euticularized 
exterior. In the intercellular spaces the air is saturated with 
moisture, hence the slowness of the rate of transpiration.® 

739. Effect of moisture in the air upon transpiration. All ex- 
periments show that with increase in the amount of aqueous 
vapor contained in the air the amount of water transpired from 


1 Ann. des. Sc. nat., ser. 3, tome xiii., 1849, p. 321. Bonnet’s early ex- 
pmments. are interesting. 

^ Sitzupgsb. d, Wiener Akad,, Bd. xliv., AMh. 2, 1861, p. 206. 

® Handbiicli der Experiinental-pliysiologie, I860, p. 231. 

* Baranetzky : Botanische Zeitung, 1872, p. 65. 

^ ® American Naturalist, 881, p. 385. 
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1 The relations between humidity of the air and transpiration are shown 
by the results obtained by Unger with two plants of Ricinus, one of which 
was in the open air, the other under a bell-jar. (The leaf surface of one plant 
was 190, and that of the other 160 square centimeters ; but in the table a cor- 
rection h)is been made so that equal surfaces are compared). 


Duration of the Experiment. 

Loss of water, 
oijenair. 

Loss of water, 
bell-jar. 

Temperature of 
the air in 

July 19 to a), 

11.60 cc. 

1.60 cc. 

16. , 

29 to 21 . , . . ■ 

17.05 » 

1.14 » 

13.6 

, . . . ■ . . . ■ 

16.77 « 

1.65 “ 

15.4 . 

Total . . , . . . 

46.42 cc. 

4.35 CC. 


The total losses bear a ratio of 10.44 : 1 . 

2 Handbuch der Experimental-physiologie, 1865, p. 227. Deh4rain in 
Comptcs Eendus, Ixix. p. 881. 

^ Sitzungsber. d. Wiener Akad., Bd. xxvi., 1857, p. 326. 

^ Report of the Geological Exploration of the Fortieth Parallel, Botan? 
(1871), p.I. ■ . 

® Versuchs-Stationen, 1859, p. 232, 


a plant exposed to it diminishes.^ When the air is completelj 
saturated, a slight amount of transpiration can take place, ^ 
which, as Sachs has pointed out,® is probably due to the fact 
that the temperature of the plant is higher than that of the 
siuToimding air. 

740. Instructive experiments upon the exhalation of moisture 
by some of the more common desert plants in the dij air of the 
Western plains have been made by Sereno Watson,^ from which 
it appears that in about four hours young shoots furnished with 
about iiily per cent of leaves lost, when severed from the stem, 
water amounting to nearly half their weight. 

741. Effect of the soil upon transpiration. The physical prop- 
erties of the soil have an iiiiiueuce upon transpiration. Sachs® 
cultivated plants of tobacco in clay and in sandy soil, and ob- 
served the amount of water transpired by them under like con- 
ditions. Although his experiments are not conclusive, they 
indicate that transpiration is more uniform from the foliage 
of the plants grown in clay than from the plants grown in 
sand ; the former soil is much more retentive of moisture, and 
thus the supply of hygroscopic water is given up more gradually 
to the roots of the plant. 

The chemical properties of soils affect transpiration to a cer- 
tain extent. Senebier, in 1800, stated that acids increase the 
rate of transpiration, and lie ascribed the same effect also to 
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alkalies. But as Sachs ^ showed in 1859, even a very little free 
acid \a water hastens, while an alkali retards, transpiration. 

Burgersteiii in a long series of experiments showed that 
while a single salt added to water in less amount than .5 per 
cent hastens transpiration, any per cent above this produces a 
marked retardation. When a solution of nutrient salts is used, 
even if its concentration is as low as .05 of solid matter, there 
is a retardation, and this is greater when the solution is more 
.■concentrated. 

Ill the experiments, the results of which are given below, 
four plants of Indian corn were employed. The temperature 
varied between 16. 7*^, and 18° C., and the observations con- 
tinued through one hundred and three hours. The ainoiuits 
transpired are given in percentages of the weight of the fresh 
plants. 


Nutrient solution . . . . . 247.4 

Distilled water . . . . . . . . . . • . 264.17 

Potassic nitrate . . , . . . . .. . . . 283.2 

Arnmonic nitrate ............ 334.2 


742. Temperature and transpiration. Rise of temperature in- 
creases the rate of transpiration not only by affecting evaporation 
in general, but indirectly also by augmenting the absorption of 
water and heightening the turgescence of the cells. Burger- 
stein shows that leafy twigs of yew can transpire even at a 
temperature of — 10.7° C., while the leafless shoots of horse- 
chestnut are said by Wiesner to transpire at — 13° C.^ 

Sudden changes of temperature greatly influence transpiration, 
since the ‘‘atmosphere and the plant cannot follow the course 
of temperature with equal rapidity, and a rarefleation of the 
air saturated with moisture within the plant must favor its 
release.’^ ^ ' , ' , ■ . . 

743. Effect of light upon transpiration.' Transpiration goes on 
more rapidly in light than in darkness, even when the tempera- 
ture in darkness is somewhat higher. But differences in the 
intensity of ditfused light do not produce very marked differences 
in the amount of transpiration. When, however, diffused light 


^ Tersuchs-Statioiieu, i, 1859, p- 223. 

Sacks met with some anomalies in his experiments, in one case flnding a 
•noticeable retardation of transpiration upon the addition of an acid, 

^ Sitzungsb. d. Afiener Akad., 1876 and 1878. 

^ Quoted by Pfeffer : Pflanzen physiol ogie, i., 1881, p. 148. 

4 Pfeffer: Pflanzenphysiologie, i., 1881, p. 148. 
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is replaced by direct sunlight, tbe increase in transpiration is 
striking^ 

744. Effects of different rays upon transpiration. Wiesiier’s 
conclusions,^ based on a study of transpiration in different ra}s 
of tlic spectrum, ai’e as follows : (1 ) tbe presence of clilorophyll 
a])preciably increases the action of light upon transpiration ; 
(2) it is the rays corresponding to the absorption-bands of 
chlorophy ll, and not the most luminous rays, which cause trans- 
piration; (3) rays which have passed through a solution of 
chlorophyll have only a feeble effect upon the process ; (4) the 
nou-luminous heat-rays act as do the luminous rays, but in a 
less marked manner, the ultra-violet chemical rays have sub- 
stantially no effect; (5) whatever the rays are, they always act 
by elevating the temperature of the tissues. 

745. of shock upon transpiration.^ According to Bara- 
netzky,^ shaking a plant for a short time increases transpiration 


^ As shown by the tbllowing exi)eriiiients by AViesner : — 


I!5ame of plant. 

i 

In darkness. 

In diffused day- 
light. 

In simliglit. 

Zea Mats, etiolate<i . . . 

106 rag. 

112 ing. 

200 mg. 

Zea ATais, green ..... 

97 “ 

114 “ 

785 

Spartiurn jnnceiirn (flowers) 

* 64 “ 

69 “ 

174 ** 

Malva arborea (flowers) . . 

23 « 

28 “ 

70 “ 


The amoviTits of water are calculated for a surface of 100 square centimeters, 
and for oue lioiir. But it is not perfectly clear to what the special action of 
light can l)e due. The increased size of the. cleft of stomata under light cannot 
account for all cases ; for according to Wiesner young maize plants, in which 
tlie trails])! rat ion is large, have their stomata closed. 

^ Annales des Sc. nat., ser 6, tome iv., 1877, in which may be found also a 
note u]Km the same subject by Deberain. 

3 Sec also Herbert Spencer’s Experiments, on page 263. 

^ Botanische Eeitung, 1872, p. 89. 

The following exam jde will show the results of Baranetzky’s experiment 
upon a leafy stem of Inula Helenium. 


Time (morning) 

State of plant. 

Transpiration 
in grams. 

Air 

temperature C®. 

Atmospheric 
: moisture. 

7.40 

quiet. 





8.10 


,50 

22.1 

76 per cent. 

8.40 

shaken. 

.52 

22.2 

: 76 “ 

9.10 

quiet. 

.68 

22.4 , 

76 “ 

9.40 

.« 

.47 

22.5 

,76' " : • 

30.10 

it 

'.65 

22.7 

■' 77 

X0.40 

it \ 

■ .64 

22.9 

76 ‘ 

13.10 

shaken. 

.69 

231 

76 

11.40 ■ 

quiet. 

'\45 

'■ 23.3 ' ■' ■■ ■ 

,^75.: *•: 

12.10 


.52 

23.4 

76 “ 
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^^ppreciablj ; if the plant is then kept at rest, the rate falls be- 
low that previous to the shaking, after which it gradually rises 
to its normal point. Even a sharp single shock is enough to 
produce some effect upon transpiration, but the shaking iniist 
continue at least a second in order to change the rate very much. 

If, however, the shaking is long continued, or short shakings 
are often repeated, there is a noticeable diminution in the rate. 
Baranetzky attributes the heightening of the rate by a sudden 
shock to the correspondingly sudden compression of the inter- 
cellular spaces and the consequent renewal of the air therein 
contained; while the diminished rate which follows continued 
shaking is due to a partial closing of the stomata (see also 
731). 

746. Eelation of age of leaves to traiispirsitioii. Aceorclmg to 
Deherain Mind Holinel,'^ young leaves exhale more water than 
older leaves. Experiments were made by the former upon the 
upper, middle, and lower leaves of rye. From tlie newly devel- 
oped leaves more water was exhaled than from the middle, and 
more from the latter than from those farther down the stem. 
Sachs ^ states that young leaves exhale less than those which 
are Mly developed, but that there is some diminution in the 
case of old leaves. 

747. Under external conditions which are as nearly uniform as 
can be secured there are variations in the rate of transpiration 
not yet understood ; these are generally referred to variations in 
the tension of tissues (see 1025). 

748. Relation Of transpiration to absorption. It is plain that 
transpiration from leaves is the chief cause of absorption by 
the roots; but it has been shown by Vesqiie^ that these two 
functions are not necessarily proportional. According to iiini 
it is only when a plant is subjected to uniform coiiditions of 
. diffused light, and a moderate: amount of .moisture in the air, 

■ that they are about equal. ■ In a very dry air, transph ation^ in 
the case of most , plants far exceeds absorption until wllpig 
comes' on. When, on the other hand, a plant is withdrawn from 
..a moderately moist air and placed in an ^atmosphere satin ated 
with moisture, absorption goes on for a time more rapidly than 
■ transpiration, but both become soon arrested. 

' The dependence of the rate of absorption up on temperature 

1 roars de Ohimie Agricole, 1873, p. 178. 

2 Forschiingen aiif d. Geh. d. Agrikulturphysik, 1878. 

3 Haiidhuch der Expmmental-physidlogie, 1865, p. 226, 

4 Ainiales des Sc. nat., setv 6, tome vi., 1878, p. 222. 
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lias been shown by many investigators, notably by Sachs, ^ wbo 
found that well-rooted and full-leaved plants of gourd and 
tobacco wilted when the temperature of the air and soil ranged 
from 3.7° to 5^ C., although the ground was plentifully supplied 
with water. When the temperature of the soil became higher, 
the leaves became again turgescent. 

Another cause which may disturb the relation between absorp- 
tion and transpiration is found in the diminished conductivity of 
woody tissue at low temperatures.^ 

749, Checks iipii transpiration. Among the more obvious adap- 
tations of plants to dry climates are : (1) reduction of foliage to 
a minimum, as in the case of condensed stems (see VoL I. p. 64) ; 
(2) a coriaceous or even denser texture of leaves or of branches 
resembling leaves, such as phyllocladia (Vol. I, p. 65) ; (3) ver- 
tically placed leaves or their analogues, phyllodia, in many if 
not most of which the structure of the parenchyma and of the 
epidermis with its stomata is the same on both sides ; hence 
the sides have substantially the same exposure to air, and, in 
the compass leaves, to ligM as well (see 448). Another adap- 
tation has been pointed out by Pfitzer® and by Westermaier ; 
namely, the possession of an epidermal or subepidermal ‘'water 
tissue,*’ or “ water-storing tissue ” (see 209). 

Leaves provided with water-storing tissue show the effect of 
drought first in the partial collapse of these cells, their radial 
walls becoming somewhat undulate, while the assimilating cells 
remain full and unchanged in form. These water-storing cells 
lose comparatively little water by transpiration ; the water which 
they contain is given up as required to the assimilating paren- 
chyma. When a fresh supply of water is afibrded to the 
collapsed water-storing tissue, the recovery of tnrgescence is 
immediate. Examples are found in the following among many 
other plants: Peperomia, Tradescantia discolor, Ficus elastica. 

In numerous succulents the vacuoles of the assimilating cells 
frequently contain a thin mucus, from which water evaporates 
only slowly, and this is believed to play an important part in 
the storage of water.^ 


1 Botanische Zeitung, I860, p. 124. 

2 Beitriige zur Theorie des Wurzeldruckes, 1877, p. 38, quoted by Pfeffer, 
Pflanzenphysiologie. 

® IJeberdie mehrschichtige Epidermis, Pringsheim's Jahrb.,viii., 1872, p. 16. 
^ Ueber Ban xind Function des pflanzlichen Hautgewebesystems, xiv. 

s Plants wbich are peculiarly adapted to dry climates are termed by 
Be Candolle Xerophilom, Among them are found many Compositse, notable 
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750. Tlie cMef effects of traBspiration upon' the plant are; 

( 1 ) the transfer of dilute solutions of mineral matters to the 
cells where assimilation^ or the production of organic matter, 
takes place; (2) the concentration of these dilute solutions by 
evaporation. The extent to which such concentration must 
take place can be easily inferred from the large amounts of 
water which are exhaled from some common plants under ordi- 
nary conditions of culture. According to Haberlandt,^ the total 
amount of water exhaled from a plant of Indian corn during 
178 days of growth was 14 kilograms ; of hemp during 140 days, 

27 kilograms ; and of sunflower daring the same period, 66 kilo- 
grams. Hohnel’'^ estimates the amount of aqueous vapor given 
off between June 1st and December 1st, by a hectar of beech 
forest (the trees averaging rather more than one hundred years 
in age), to be between 2,400,000 and 3,500,000 kilograms. 

That the leaves in autumn contain more ash constituents than 
in spring, appears from numerous anal^^ses, of which a few 
are here given from Storer’s compilation. ' ] 


Name of Plant. 

Time. 

Condition of 
Dryness. 

Per cent 
of Ash. 

Analyst. 

Oak . . . . . 

May 

Fresh. 

1.30 

Saussure. 

“ 

Sept. 


2.40 


Mulberry . . . 1 

April 

a 

2.15 

Pupils of Freseniiis, 

“ ... 

Aug. 

(( 

4.90 

(« (( 

Beech . . . . 

May 

Dried at 100° C. 

4.67 

Rissmiiller. 

<c 

Nov. -i 


11.42 



751. Inflneiice of transpiration upon the- air, Eberme^’er® has 
shown that in the course of the year the absolute humidity in the 


}>roportions of Labiatoc, Liliacejo, PalmaceaB, MyrtaceiB, and Euphorbiaceie ; but 
tlui most oliaracteristic ordt'rs arc Zygopbyllacetie, Cactaceifi, Mesembryaiithe-* 
inaecic, Cycadace©, and Proteaceie {Constitution dans le i4gne vegetal do 
grou})es physiologiques, Arch. Biblioth^ue universelle, 1., 1874). 

1 Wissensch.-prakt, Untersuchungen, 1877, Bd. 158. 

2 Ueber die Transpirationsgrbsse d. forstl. Holzgewachse, 1879, p. 42. Both 
this and the preceding citation are from Pfeifer’s Pflanzenphysiologie, i, p. 158, 

“ Some of Haberlandt’s iigures for crops are obviously too high, probably 
from overlooking the diminution in the rate of transpiration which attends 
crowding plants together. Thus he makes the total amount of water exhaled 
from an hectar of oats during the period of vegetation to be 2,277,760 kg. ; of 
barley, 1,236,710 kg.” : ■ ' 

® Die pbysikalisclien Einwirkungen des Waldes auf Luft und Boden, 1878, 
p. 148. 
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air of a forest is scarcely greater than that in air over open 
ground. But the relative humidity in the former case is about 
six per cent greater than that in the latter. 

752. It has been held by many that forests have a direct effect 
in increasing the amount of rain-fall, presumably by bringing, 
through transpiration, the amount of moisture in the atmosphere 
of a wooded place nearer the point of precipitation. But the 
weight of evidence now available is against this view.^ 

755. On account of the shelter which they afford, the trees of 
a forest plav’ an important part in the storage of a water-supply. 
Under their branches small plants can thrive, and by their hold 
upon tlie ground impart to even veiy porous soil a good degree 
of stability. 

Soil covered with mosses and other humble plants which live 
in the sliade not only holds back a large part of any given rain, 
so tiiat the water drains off more slowly, but it is not likely to 
be itself washed down to lower levels. Upon a treeless slope, 
however, the rains which fall sweep down at once. 

754. There is, fiirtherniore, ' less evaporation from a soil 
covered by a growth of trees than from open ground. Obser- 
vations during the summer months recorded by Eberineyer‘^ 
show that the evaporation of water from the soil of a forest, 
when the surface is not covered by grass, is only sixty-two per 
cent of that wdiich takes place from open ground. But if the soil 
under the shade of a forest is covered with grass, the evaporation 
is eighty-five per cent of that in the open gTouod. 

\’'on ^rathieu found that the evaporation from open ground 
from April to October was about five times as much as from 
wooded soil ; but he does not state whether the soil in tlie latter 
case had grass upon it or not. 


1 “ForoKtH increase the annual relative moisture of the uir, Init tliis iu- 
flnem;e is much more noticeable at high elevations tlian at low (‘levations. 
I’he precipitation of moisture (dew, cloud, rain, snow) takes place inor<* readily 
on this account in wooded than in treeless regions, and the freipituu'.y and 
intensity of these precipitations increase with elevation above the surface of 
the sea. i\Ioistnre descends more readily and fretpiently upon a wooded than 
upon a treeless mountain of the same height. Forests affect rain -fall only so 
far as they increase the relative amount of water held in the air, and tlius 
bring tlie relative amount nearer the point of saturation ; thus with the fall of 
tem]>eratnre in the forest, a part of the moisture is easily precipitated. , . , 
Forests make the climate of a country raoister, and especially so in summer” 
(Ebermeyer : Die physikalischen Einwirkungen des Waldes auf Luft imd 
Boden, 1873, p. 151). ■ 

^ Die physikalischen Einwirkungen des Waldes, p. 175. 
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755. Effeet of transpiratioii upon the soil. The aTnouiit of 
water taken from the soil by the trees of a forest and passed into 
the air by transpiration is not as large as that accumulated in the 
soil by the diminished evaporation under the branches. Hence 
there is an accu ovulation of water in the shade of forests which 
is released slowly drainage. But if the trees are so scattered 
as not materially to reduce evaporation from the ground, the 
effect of transpiration in diminishing the moisture of the soil is 
readily shown. It is noted espeeiall.y in ease of large plants 
having a great extent of exhaling surface, such, for instance, 
as the common sunflower. Among the plants which have been 
soccessfully employed in the drainage of marsh 3 ’ soil by transpi- 
ration probably the species of Eucalyptus ^ (notably E. globulus) 
are most efficient. 

756. Bo leaves ahsorh acpieous vapor ? It is eveiy where known 
that leaves which wilt during the daytime from slight dryness 
of the soil may recover their turgescence during the night, for 
then transpiration is reduced to a minimum, and the demand for 
water is veij slight, so that there is a speed}’ readjustment of 
the equilibrium which was disturbed during the day. It is still 
a disputed point whether wilted leaves can absorb any appre- 
ciable amount of water from the dew which fills upon tliem. 
Experiments by Buchartre^ indicate that the amount must be 
very small, if indeed any at all. That leafy branches detached 
from the plant can absorb water through the leaves is well 
known, and has been already alluded to. 

1 See a very interesting account by Mueller in Eucalyptographia, 1881. 
Also an article by H, N. Draper in Cliaml:»ei’s’s Journal, Iviii. 193, reprinted 
in Littell’s Living Age, cxlix. 376. 

2 Ann, ties Sc. iiat, ser. 4, tome xv., 1861, p. 109, 
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CHAPTER X. 


ASSIMILATION IN ITS. WIDEST SENSE, APPROPRIATION OP 
, OARBON, NITROGEN, SULPHUR, AND ORGANIC MATTERS. 

757. The term assimilation^ as general^ understood in Vege» 
table Physiology, means the conversion by the plant, through 
the agency of chlorophyll, of certain inorganic matters into 
ox'ganic substance. 

Some authors, however, give to the w^ord assimilation a wider 
signification, namely, the conversion into iitilizable substance 
of all matters whatsoever brought into the organism. Such ^ 
regard chlorophyll assimilation as only a special case under a 
general class which comprises the appropriation of (1) carbon, 
(2) nitrogen, (3) sulphur, so far as this is a constituent of 
protoplasm, (4) certain organic matters. 

758. It will presently be seen that with the appropriation of 

carbon by the plant, there is alwa^’s associated the appropriation 
of the elements of water, namelj", hydrogen and ox 3 ’gen ; but the 
mere entrance, transfer, and exit of water, which is known to 
undergo no chemical change in the organism, have alreadj” been 
examined in Chapters VIL and IX., and do not strictly belong to 
the process of assimilation. There are sundry mineral matters 
wliich, though absolute^ essential to the well-being of the plant, 
are conveniently examined without special reference to assimi- 
lation, even in its widest sense. Some of them, like the salts of 
potassium, are indispensable to the process of assimilation ; but 
tlKW do not become at any period an indispensable of the 
substance of the plant. In the case of sulphur, however, a small 
amount of the element is appropriated by the plant and consti- 
tutes a component part of its protoplasmic matter. The matters 
which b}" their temporary presence in the plant contribute to 
Its . activities,, have been likened to the absolutely necessarjtlu-/ 
bricants without which machinery cannot run easily or perhaps 
at all. *' 


^ See Pfeifer’s Pflanzenpliysiologie, i. 186 . 
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APPEOPRIATION OF CARBON, OR ASSIMILATION 
PROPER. 

759. The appropriation of cax*boii, and its combination with 
the elements of water, is by far the most striking of the kinds of 
assimilation ; and since it luiderlies to a certain extent the forma- 
tion of the matter with which nitrogen and sulphur are incorpo- 
rated to eonstitote the living substance, it may well lay claim to 
be considered assimilation proper. It was employed in this sense 
by Asa Grra}^ in 1850, in the second edition of the Text-book. 

For brevity, therefore, the term msi^nilatAon in the present 
section will be made to refer to the apjjropnalion of carbon, 

760. With some exceptions, to be mentioned later, the follow- 

ing statement holds good for all plants : msimlkitum is essen^ 
UaMy a process of in which the inorganic matters are 

(1) water taken from the soil, and (2) carhonie aeid^ taken from 
the air; and the organic substance produced from these is soitkj 
carbohydrate which contains less oxygen than the two together. 
Hence in assimilation there is, with the evolution of oxygen, 
a partial reduction of the inorganic matters employed in tlie 
process. 

761. Assimilation takes place only under the following condi- 
tions : (1) The assimilating organ must contain living chlorophyll 
or its equivalent ; (2) water and carbonic acid must be famished 
in proper amount ; (3) rays of light of a certain character must act 
upon the organ; (4) it must be kept at a certain temperature, 
there being a minimum degree of heat below which, and a maxi- 
mum degree above which, no assimilation can occur ; (5) a minute 
amount of certain inorganic matters other than tiiose named, 
notably some compound of potassium, must be within reach. 

762. The assiiriilatiiig system of the plant. All cells which con- 
tain chloroplyyll or its equivalent, and which admit of exposure 
to the sun’s rays, constitute the assimilating system of the [dant ; 
but it must not be understood that they perform onlj" assimilative 
work. In the simplest vegetable organisms (unicellular or fila- 
mentous algm), and even -in some water plants of the higher 
grade. (Anadiaris) these cells are 'at 'one and the same time 
members,, of an,. absorbing,, a storing,:.. and an assimilative sys- 
tem. , In land plants, and in some water plants, however, certain. 
:.,ceils, have,,, the office, of assimilation as their special and dominant 

^ In general throughout this work, the term carhonie mid will be employed, 
Instead of carbon dioxide, , to denote CO2. .. 
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function. These cells are found chiefly in expansions upon or of 
tlie axis ; of course, most commonl}^ in ordinary leaves. But in 
nniny cases the primary axis itself and the secondary and other 
axes (branches) may have a considerable share of the proper 
iibsimilating tissue of the plant. In some instances, for exam- 
pit^, in solid-stemmed and flesh}" plants (as Cactacem), the wliole 
assimilative apparatus is to be found on the surftice of axial 
inst<?ad of foliar organs ; and the same is true of certain ligneous 
plants specially adapted to desert conditions (e, //., Colletia). 

The development of the assimilative system in land 
plants appears to have been controlled by two opposed factors ; 
naiiicly, ( 1 ) tiu* advantage to be derived from exposure to air and 
light, and (2) tlie disadvantage consequent upon too great loss 
ofmoistuiXi by evaporation. Even the most superficial examina- 
tion of the tro{)ical plants cultivated in our hot-houses reveals 
the striking manner in which a balance has been struck between 
these conflicting influences : the plants of warm jungles (e. //,, 
Scitaniincie) having broad and long leaves suited to a hiiinid 
atinospli{*re, while the plants of parched sands (Caetaeear and 
the like) are characterized by some protection against excessive 
evaporation. In both these extreme cases the provision for a 
certain amount of evaporation is, on the whole, seen to be 
tributary to the essential work of all green tissue, namely, 
assimilation. 

7f*»4. Proper exposure of the assimilating apparatus of a plant 
to light is secured (1) by the shape and position of the assimilat- 
ing organ, whether it be axis or leaf, and (2) by the arrangement 
in the organs of the cells themselves. Concerning the first, see 
Tolume I. ; in r(*gard to the second, see this volume, page 159. 

7fo. CliloropliylC and <)5>aAXoF, /(Sq/*). The term 

chlorophyll, originally applied to the pigment rather than to the 
su!)stance which contains it, is now used indifferently to denote 
thci c<)loring-nuilter and the portions of protoplasmic mass which 
are tinged by it. It is better, however, to designate the former 
chlorophyll pigment, the latter, chlorophyll granules, or grains. 

7C6. In regard to the genesis of the chlorophyll granules 
which are the essential constituent of the assimilative ceils, the 


^ "''Xoiis n’avons aitcun droit qiour iiornnier mie substance conmie depuis 
Ioiigtern}>s, ct a riiistoire de laquelle nous n’avons ajoiite qiie quelques faits ; 
ee})eiidant nous proposerons, sans y mettre aueiine importance, le nom de 
chlorophyle^ de ckioros, couleur, et <5&^XXoi/, feuille; ce nom indiquerait le rdle 
quelle joiie dans la nature” (Pelletier and Gaventou; Journ. de Pharmacie, 
ill, 2817, 490). ■ 
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ORIGIN OF CHLOROPHYLL -GRAHULBS. 

foilowiiig view ^ appears to bu most in consonance with recent 
iiivestigations. Imbedded in the protoplasm at every growing 
point there are peculiar bodies (plastids) which have substan- 
tially the same characters and structure as the protoplasm, and 
are more or less clearly difterentiated from it even at an early 
period. As the cells which develop from the growing point 
assume the different characters which fit them lor special ser- 
vice, lor example, those in certain tubers and roots for store- 
houses, those in leaves for assimilation, and those in some 
flowers and fruits for color, their plastids may likewise assume 
special characters. Those which are destined for the store- 
houses become kaicoplastids, or starch-formers ; those in greim 
tissue, chloropiastids or clilorophyll granules ; and those in col- 
ored flowers and fruits, chromoplastids. As might be expectial 
from their common origin, the plastids which under one set of 
conditions might l)ecoine leucoplastids, may, under aiiotlier set, 
become chloropiastids, etc. 

767. The recognition of this view regarding the origin of 
chlorophyll grains, etc., although it is as yet pa,rtly hypotheti- 
cal, will enable the student to explain some of tlie extraordi- 
nary intermediate forms met with ; for instance, those where tlie 

Meyei’ (Das Cbh)ropliyllkoni, 188S, and Botaiiiscli.es Centralblatt, 188*2) has 
reaiihed siilistantially the same results as those obtained by Schimper, which in 
the account above given have been presented with vScliimper’s nomenclature. 
Meyer eiii[)loys, however, the somewhat different terminology given below. 



Older K omenclatiire. 

Scliimper. 

Meyer. 

Van Tieghem. 

(kincra! 

term. 

Colorless prol.oplasmic 

Plastid. 

Troplioplast. 

Leacite. 

Special 

araiiuk*. 

Loucoplastid. 

Anaplast. 

liGiicIte proper. 

terms. 

Cliloroplivll j!:raniile. i 

Chloroplastid. 

Autoplast. 

Cliliiroleucit.io 

1 

Coku'-ijjraiiule, 

01irorao{»lasti<l 

Chromoplasfc. 

Gli.ro moleo.ci to. 


For a fuller a«‘(;ount of the views of Meyer and Schimper, the student must 
consult the original memoirs in Botaiiisclie Zeitung, 1888, or an excellent 
abstract by Bower (Quarterly Journal of Microscopical Science, 1884). 

Sclimitz (Die Chroniatophoren der Algen, 1882) has described at great 
lengtli certain structures analogous to chlorophyll, occurring in some of the 
lower plants. , These granular bodies, called nhromatophores, possess consider- 
able diversity of form, but all agree in consisting of a matrix or basis permeated 
by coloring-matter. In most green algae there are also found one or more 
minute, rounded, granular, colorless bodies embedded in the chromatopliore, 
known as pyrenoids., . These,, are frequently associated granules of starch, 
Chromatophores are believed by Scbmitz to increase only by the process o! 
division, but the pyrenoids either by division or by fresh formation. 
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pkstids of one sort can for a time undertake the office of the 
plastids of another sort. It explains, partially at least, the 
trusion of ehlorophjll grains into parts of the plant where they 
do not seem to properly belong, and accoimts for some of the 
apparent changes which they may subsequently undergo. 

768. According to the earl^’ investigations of the subject, the 
chlorophyll granules were regarded as differentiations, at an 
early stage in the embryo and seedling, from a mass of homo- 
geneous protoplasm : according to the present view they are 
deriv^lli^'cs by division from pre-existing plastids.^ When devel- 
oped in darkness, they are pale yellowish, or even devoid of color. 
Plants grown in the dark (compare 788) become green upon 
exposure to the light, provided they are not at the same time 
kept too cold. The minimum temperature at which they turn 
green is different for different plants, but may be said to be 
in general not far from 6° to 10° C. 

Certain Gymnosperms, notably seedlings of Abies and Finns, 
develop a bright green color in the deepest darkness, provided, 
as before stated, the temperature is not below a certain point. 

769. Occurrence of the chlorophyll granules. The granules are 
found only very sparingly in epidermis, being chiefly confined to 
the guardian cells of stomata. They occur principally in paren- 
chyma cells, immediately below the epidermis, and seldom out 
of reach of the light. But they occur also in a few deep-seated 
structures, for instance, in the thick cortex of some ligneous 
plants, and in the tissues of not a few embrj^os. 

770. That chlorophyll granules are found in the interior of 
some of the lower animals appears reasonably certain, but the 
green matter does not always present the same characters. Ac- 
cording to recent authorities, it assumes in most cases, for in- 
stance in Spongilla and Hydra, the form of minute granules. The 
pigmcmt agrees in some of its essential properties with that of 
ordinary chlorophyll.^ In some cases it must still be considered 
an open question whether the grannies may not be (or at least 
represent) independent organisms dwelling in certain cavities of 


^ Tlio views of Gris (Ann. des Sc. nat. hot., 1857) may be summarized as 
follows: The granules arise by differentiation of the protoplasm in certain 
young cells into two portions; one of these assumes the form of roundish 
or lenticular bodies {the proper granules ), which under the infliienee of light 
become colored green, while the other remains as a matrix in which they are 
embedded. 

'-2 For an interesting treatment of this subject, consult Geddes: Nature, 1882, 
and Lankester, Journal of the Royal Microscopical Society, 1882, p. 241. 
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these lower animals. These eases of possible symbiosis deserve 
and are receiving careful investigation. 

771. Many species of plants derive all or a part of the organic 
matter required for their growth and proper activities either from 
other: plants (when .they are called parasites), or from decaying 
organic matters, such as vegetable mould (when thej are called 
saprophytes). In the tissues of a few such plants minute traces 
of ehloiX)phy 11 may sometimes he detected. 

772, Structure of cliioropliyli granules. Under a moderately 
high power of the microscope the granules appear as spheroidal ^ 
or polyhedral bodies, apparently homogeneous in structure, bav* 
ing neither vacuoles nor granular matter. By the action of cer- 
tain solvents it is possible to remove from the granule the pigment 
which has imparted 
to it its characteristic 
color, when the mass 
remains without any 
change of form. 

Hence it is proper to 
distinguish between 
the chlorophyll pig- 
ment and the chloro- 
phyll granule, each 
of which will now 
be considered. A 
method recently dis- 
covered makes it pos- 
sible to demonstrate 
the peculiar structure 
of the granules with- 
out complete removal 
of the pigment. This 
method, known as 
Pringsheim's,^ depends upon the action of dilute hydrochloric 
acid on the green parts of plants.. When a thin green tissue, 

i 111 some of the Thallophytes, the whole or nearly the whole of the proto- 
plasmic mass seems to he evenly colored, presenting the appearance of colored 
spirals, lamellae, stellate forms, etc. ; and such colored masses are strictly chloro- 
phyll bodies ( Die Gliromatophoren der Algen. Fr. Schmitz. Bonn, 1882). 

: 2 Pringsheim’s Jalirb,, xii., 1879, p. . 289. 

Fig. 149. HypocMorin. A, a ceil of OEdogoniam treated with hydrochloric acid for 
a few hours; R, the same after some days; needle-lifee forms; two cells of 

Drapemaldia kept in hydrochloric acid one month; G, cellof Anacharis in hydrochloric 
ackl after five months’ treatment. (Pringsheim.) . 
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for instance a leaf of Vallisneria or of Anacharis, is treated 
with a solution of one part of concentrated hydrochloric acid 
in four parts of water, the first change observed is merely a 
fading of the green color of the granules to a yellowish or 
brown. After a few hours, however, upon the periphery of each 
granule there appears a small rounded mass of a deep brown 
color, generally keeping much the shape of the granule from 
which it has been extruded. Often more than one of these 
masses can be detected, and the}” sometimes assume needle-like 
or staff-like shapes. But, whatever their form may be, tliej' 
carry out of the granule all of the coloring- mat ter, and leave it 
as a honey- combed mass of its original shape. Similar extrusion 
of a colored mass can be effected hx the action of the vapor of 
boiling water, or even by immersion in boiling water; but here 
the change is produced in a single hour, or even less (in some 
cases, in five minutes). When much starch is present in the 
chloropiiyll granules there is generally considerable change of 
outline of the whole mass, and more or less breaking down of 
their internal structure. The nature of the vehicle wliieh, under 
the action of hydrochloric acid or moist heat, carries out of the 
granule all of Ihe coloring-matter, will be referred to later, under 
the name given it by Pringsheim, namely, Ilypoclilorin, 

773. The mass of the granule is left by this removal of its 
coloring-matter, as a spongy body of about the original shape 
of the granule. This spongy stroma, or ‘‘trabecular mass,” is 
plainly {Ihferent from the granule wdiich is decolorized by the 
action of solvents, for example, alcohol, ether, etc. ; for in the 
latter case the mass appears to be with an unbroken contour, 
and has a solid structure. 

774. The cliloroiiliyll pigment can be extracted, although with 
various associated waxy and fattw matters, bj^ aleohol and other 
.solvents. To prepare a solution of the pigment for a stiuW of 
its most striking properties, fresh leaves should be bruised, acted 
on for a few hours in the dark by warm, strong alcohol, and 
then, without exposure to bright light, the liquid should be 
carefully deeantei It is not difficult to separate the dark 
green solution into two distinct colors by means of the following 
methods : — ■ ■ 

(1) Frerm/s process. One volume of the alcoholic solution 
is shaken with a mixture of two volumes of ether and one of 
concentrated hydrochloric acid; after standing for a time, its 
upper, or ether feyar, is y^ellow (pliylloxanthin or xanthophyll), 
while its lower, ot mid /uyer, is blue or greenish blue (pliyilo- 
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cyaniii). If coEsiderable alcohol is now added, and the mixture 
shaken, the liquid again becomes thoroughl}’ mixed and of a 
clear green color. Fremj’s later researches have led him to re- 
gard the so-called piijlloejanin as really an acid (phyllocyanic), 
which is probably combined with potassium, and the salt thus 
formed mixed with pliyiloxantliin to form the green coloring- 
matter of chlorophylL 

(2) Iiraus's ^yrocess. Tills method of separating the two 
coloring-matters is based on the action of benzol. The alcoholic 
solution prepared as directed on page 290, or, much better, with 
alcohol of 65 %, is shaken with about twice its volume of benzol, 
or, according to R, Sachsse, with beiizin (sp. gr. .714). After 
a while the turbid liquid separates into a benzol layer abo\'e, 
having a Iduish-green color, and an alcohol layer below, tingi^d 
yellow. The yeilowisii [uginent is called by Kraus, xanthopli.vll, 
the bloish-green, kyanoplqylL According to Wiesner, kyanophyll 
is nearly pure chlorophyll treed from its associated yellow pig- 
ment xantliophyll. It is believed by many that the yellow pig- 
ment separated by this process is identical with that found in 
plants blanched (etiolated) in darkness, and which has been 
called etioiin. 

Diftereiit methods (some of which are noticed brietiy in the 
foot-notes ^ ) have been employed for the isolation of the pure 

1(1) Berzelius evaporates the alcoholic extract to diyness, anti after treatment 
with iiyilrocliioric acid (sp. gr, 1.14), again dissolves it in alcohol. lie tlien 
pretiipi'tatc's with water, redissolv<?s the preci|>itate after illt ration, and lastly, 
by acetic a.eid, prindpitates the nearly pure ingrnent (Auiialen der Ohoniie uml 
liianiiat'le, xxL, 18:17, p. 257 ; xxviL, 18:18, p. 296.) (2) Fremy throws tltAvn 

from its alcoholic solution, by use of either almninic or magnesitt hydrate, all 
eoloring-iiuitter ; and after thoroughly wasliing the preeipi1a,ti‘ dissolves it in 
alcoliord^oniptes Heiidus, L, 1860, p. 405 ; Ixi., 1865, p. 188). Cl) Ih.ppe-Scyh.r 
I'lrst extracts all waxy matters from gi’een leaves by repeatedly washing tliein 
with cold etlaw, and then treats the leaves with boiling absolute [ilcobol. After 
the ahioholic solution has been cooled, again lieated, and allowed to staml, red- 
disli cr vstals (erythrophyll ) separate from it. These are red in transmit t ed, Imt 
green or whitish in reflected light. After their separation the residue of 
solution is evaporated to dryness and again dissolved in ether; from the ether 
solution, upon slow evaporation, granules are thrown down, which are brown 
in transmitted and green in reflected light. These granules may be obtained, 
by repeated solution and by spontaneous evaporation of the solution, in the 
form of crystals of a high degree of purity, which are called by Hoppe-Seyler 
chlorophyilan (Zeitschrrphys. Chem., hi. 1879, p. 339). (4) In Gautier’s pro- 

cess, bruised leaves are mixed with sodic,, hydrate and. pressed. ..After this the 
residiie of the leaves is treated with alcohol at 55^ G., again pressed, and then 
treated with cold 83: per cent alcohol, all waxy matters being' left by the pro- 
cess undissolved. The alcoholic solution is mixed with animal charcoal and 








292 .ASSIMILATION, , 

coloring-matters of leaves : crystalline substances have been ob- 
tained, "one of which, marked by its blue or bluish-green color, 
contains about five per cent of nitrogen.^ 

775. Spectrum of chlorophyll. When a ray of white light 
which has passed through a coloring-matter, for instance, a solu- 
tion of one of the coal-tar dyes, red wine, or a solution of chlo- 
rophyll, is examined by means of a spectroscope, certain dark 
bands, known as the absorption-bands, are observed at definite 
places in its spectrum. 

77G. For convenience in examining the spectra of small 
amounts of coloring-matters, a direct-vision spectroscope attached 
to the tube of a microscope is employed, and the coloring-matter 
in question is placed in a flat-walled bottle or a glass cell on the 
stage of the microscope. The ray of light which is reflected 
from the mirror under the stage passes first through the colored 
matter, next through the objective, and lastly through the prisms 
which compose the microspectroseopic attachment to the tube. 

777. In order to compare the spectra of different substances, 
a second prism or set of prisms is often used, by which the spec- 
trum of a second liquid can be projected by the side of that of 

allowed to stand for five days ; all the chlorophyll pigment is thus removed by 
the charcoal. Alcohol of 65 per cent strength extracts from the coal a yellow 
crystallizable substance, while ether or benzine dissolves out matter which, 
upon evaporation of the solution, yields pure chlorophyll pigment (Comptes 
Rendus, Ixxxix., 1879, p. 861). By the action of sodium on a benzine solution 
of the coloring-matter of Primula or of Allium, R. Sachsse has obtained two 
colored masses. One of these is green, solid at ordinary temperatures, in- 
soluble in pure water, soluble in a dilute alkali, and also in alcohol and ether; 
the other, yellow, brittle, crumbling into an orange mass, soluble in the same 
liquids as the first. Besides these two coloring substances he found also a 
glucoside (that is, a body which under certain conditions can be split into 
some one of the sugars and another substance which is capable of further 
changes). Both of the colored masses can be readily broken up into several 
different coloring-matters. The matters obtained by this process from the 
green mass differ from those obtained from the yellow, in containing about 
three to five per cent of nitrogen, while those from the yellow contain none 
at all. 

1 The green crystals obtained by the evaporation of a purified solution of 
chlorophyll in alcohol are called chlorophyllan by Hoppe- Seyler, and chloro- 
phyll by Gautier. Their analysis reveals the following composition;-— 



; Hoppe-Seyler. 

Gautier. 

,c. ' . .■ . 

. 73.345 . 

.... . . 73.97 

H. . . . . 

. 9.725 . 

'9.80: 

,'0. 

. 9.525 . 

■ ' 10.33', 


: . 5.085 . 

4.15 ■ 

Ash ; ■ 

. 1.73 . 

. . • . . : 1.75 
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the first. The spectra of chiorophyil solutions from two differeiit 
sources can thus beat once compared. One of the combinations 
can also be employed to project the solar spectrum (unchanged 
by passing through any color whatever), and its constant lines 
(Fraunhofer's lines) can be used for the determination of posh 
tioii of the bands seen in the spectrum of the liquid by its side. 

778. The spectra of many substances, among which chioro- 
phyll occupies a prominent place, have absorption-bands of such 
constancj" in position and appearance that they are justly regarded 
as characteristic. 

779. The spectrum of an alcoholic solution of chlorophyll has 
been shown to be essentially the same as that of the chlorophyll 
granule itself. In order, however, to obtain all the absorption- 
bands characteristic of chlorophyll, it is necessary to examine 
successively solutions of different degrees of strength, some of 
the bands appearing only in dilate and others only in strong 
solutions. For comparison, absorption spectra obtained from 
different sources are here given. 


Eig. 150. Spectra of cliloropliyll . The upper figure shows the spectrum of an alco- 
holic solution of medium concentration, while the middle figure gives all the absorption- 
bands of chlorophyll ; those on the right as shown only in dilute solutions, The lowest 
figure exhibits the spectrum of a living leaf of Beutziascabra. (Kraus.) 


m 
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/80. Tlie fluorescence of.chloropliyll pigment is best shown by 
allowing rays of light, made convergent by passing through a 
double convex lens, to fall upon the surface or side of a strong 
alcoholic solution of chlorophylls The color at the focus of the 
lens will then appear blood-red, but by transmitted light the same 
solution will appear dark green. By liiioroscence is meant the 
property possessed by certain substances of diminishing tiie re- 
frangibility of some rays of light; in the case of chlorophyll all 
the rays towards the violet end of the spectrum are made to 
conform in refrangibility to those near the red. A bright solar 
spectrum^ cast upon the side of a flat vessel containing a solu- 
tion of chlorophyll appears much like a stripe of diill red .* in 
this red stripe are bands corresponding in their position to tlie 
absorption-bands of chlorophyll. If the blood-red color produced 
b}’ a strong light falling on the surface of a concentrated solu- 
tion of chlorophyll is examined through a spectroscope, only 
red rays having the same degi’ee of refrangibility as those of 
the deep absorption-band of the chlorophyll spectrum come to 
the eye. 

781. Plants without chlorophyll. If whole plants (certain 
parasites and saprophytes, for example, Monotropa) are either 
white or slightly tawny throughout, it is owing to a complete or 
partial absence of cliloropliyll ; but in some instances such plants 
may impart to alcohol, in which they are immersed, a decided 
tinge, frequently blue. 

782. ‘^H.^oiored” plants. When leaves or stems have some 
color other than green, they are said to be colored; if two or 
njon^ different colors are intermingled the parts are variegated. 

788. In the case of healthy leawes exposed to light, white 
spots, streaks, etc., are generally, if not always, ciiaracterized 
by an absence of chlorophyll. Such spots have relations to their 
surroundings which are different from those of the contiguous 
green parts; tiny do not have the powder of assimilating in- 
organic matters. . .. 

784. In plants, the paleness of colors verging upon green or 
blue (for examjfle, those in many kinds of cabbage) soinetioies 
depends wholly on the existence upon the surface of the part, of a 
great amount of the waxy matters known collectively as bloom 
(see 226). The tissues beneath the surface .ma}- be .vivid green. 

' y85. Red and yellow nolors of healthy and vigorous leaves are 
usually due to the presence in 'the cells (often: merely .those,. of 


^ Hageiihach: Aiinalen der Physik und Chemie, cxli., 1870, p. 245. 
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The instructive simikrit}" between the spectrum of tbe yellow 
coloring-matter of chlorophyll and that of the so-called etioUn^ 
or jeliow coloring-matter which can be extracted from blanched 
leaves, is shown in the two figures here given. 


II any cnange wneii Kept m me aarK ; Dut even a short exposure 
to strong light destroys its green color, and leaves the liquid 
pale brown, or nearly colorless. When, however, strong sun- 
light passes tnrongh a solution of chlorophyll before it reaches a 
second receptacle filled with the same liquid, the first solution 
protects the second for a considerable time; and only after the 
first has lost a portion of its green color can the second be also 
acted upon. 

Sachs ^ has pointed out the interesting fact that green 
leaves, especially those of delicate texture, become paler when 
exposed to a very bright light, and resume their deep green 


Ber. ii})er Uie Verhandlungen (Math* Phys, Class© ) der Sachsiselieii Ge- 
f'h. xL, 1859, 226; and also in Experimental-physiologie, 1865. 

IG. 151, The tipper spectrnni is that of t’lie yellow constituent of chlorophyll from 
zia scahra; tbe lower, that of the coloring-matter of etiolated barley, in dilute 
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connected to its plant, a narrow strip of flexible lead or tin foil, 
and expose the leaf to bright sunlight. After a quarter or half an 
hour remove the strip, and the spot which has been kept shaded 
by it will be seen to be distinctly deeper in color than the part 

which has been exposed to the sun’s rays. 

791. Chlorosis, or blanching of plants from lack of iron. 
Although iron has not been detected as a constant component 
of the pure pigment of chlorophyll this element has been shown 
in many ways, especially by water-culture, to be essentnd to 
the green color and even to the normal formation oi the 
o-ranules. When a seedling of Indian corn is grown with 
Tts roots abundantly supplied with a mitrient solution Irom 
which all salts of iron are absent, and it has all other condi- 
tions favorable to rapid and liealthy development, the leaves 
are pale yellow, or even whitish, and the whole plant sooner 
or later appears sickly and ill-nourished. When, however, a 
salt of iron is supplied to the mitrient liquid, a normal green 
color is at once imparted to the leaves and the plsint becomes 
health}' and vigorous. The effect of the local application of a 
salt of iron is thus described : W’^hen a weak solution of ferric 
chloride, ferric nitrate, or ferrous sulphate is applied to a le.at 
blanched by want of iron, the part moistened assumes a nor- 
mal green color in a few days, and sometimes in a much shorter 
period. Neither cobalt nor nickel salts have similar relations 

to chlorophyll.^ „ ^ • b 

792. Autumnal changes in color. The leaves of many decidu- 
ous plants undergo changes of color at some period before they 
fall. In not a few instances these changes occur early in the 
season after full development of the leaf; for example, during 
the first days of summer it is not unusual to find on the swamp 
maple bright red and yellow leaves. The colors, however be- 
come most striking in temperate climates at the approach of 


autumn. ■ 

Tile change of color in autumn leaves is due to changes whicii 

take place in the chlorophyll pigment. This breaks up into 
various matters of unknown coirqxisitlon, but classed in a gen- 
eral way with the erythrophyll (the reddish coloring-matter) and 
xanthophyll (the yellowish), obtainable artificially from chloro- 
phyll. Comparison of the spectra of these substances exhibits 

certain very striking features of similarity. 


I Eusebe Gris, 1844, and Arthur Gris, in Arm. des Se. nat, ser. 4, 

tonie viL, 1857,: p. 179. . 
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793. These autumnal changes have been compared, not in- 
aptly, to those belonging to the ripening process in colored fruits ; 
but this general statement of similarity must not disguise the 
fact that in the ripening of fruits special chrornoplastids play the 
chief part, whereas in the leaf before its fall there is a breaking 
111 ) 0^' ll“-‘ pi-otoplasmic basis of the granules of chlorophyll,^ pre- 
paratory to the withdrawal from the leaves into the plant of the 
useful products of disintegration. 

The changes during disintegration may involve (1) both color 
and form of the granules at one and the same time, or (2) the 
change in color may precede that in form, or (3) the latter may 
occur first. 

7if4. In g'cneral, the reddish coloring-matters are found in the 
eeil-sai) of tiie colored leaves, the yellow in the substance of the 

disintegrating grain, and, finally, the brown in the modified 
chiinicter of the cell-wall itself. 

793. That frost is not essential to the production of the leaf- 
colors of autumn is plain from the widely known fact that many 
leaves undergo precisely these changes ot color lung before any 
frosts appear. It is generally believed, however, tliat freezing 
may somewhat hasten the process of chlorophyll disintegration 
■which underlies all the changes. 

The fact is generally recognized that the autumnal colors, 
crimson and scarlet, are more brilliant in the cooler portions of 
America than those which characterize the foliage in Europe, 
and it has even been remarked that the leaves of American 
trees cultivated in Europe do not imdeigo such marked changes 
of color as individuals of the same species do in their native 
habihit. This has iHicn accounted for on the ground that there 
is li‘SH humidity in the atmosphere of eastern America; but this 
(“xplanation is not satisfietory, and exact observations regarding 
the relative brilliancy of color are wholly rt^nnting. 

7‘.)(;. tdiloroiihyll in evergreen leaves. At the approach of 
cold weather the leaves of evergreens undergo, according to 
Mohl.“ certain changes of color. Kraus ’ recognizes two types 
of change : (1) the leaves become greenish brown, as in most 
Cf)nifcrs, or (2) they take on a red color on the upper side, as 
in Mahonia and some species of Sedum. According to bin::, in 
leaves of the first tj'pe the chlorophyll granules become disinte- 


1 Sachs: Die Entleemng der Blatter im Herbst, Flora, 1863, p. 200. 

2 Verraisclite Sehriften, 1845. 

^ Sitzuiigsb. der phys.-med. Societatzu Erlangen, 1871, 1872. 
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gratedaiid impart a brown color to the protoplasmic, mass of the 
cells; biit'io the leaves of the second type the color is doe to 
I a highly refractive reddish or ymllow mass (supposed to be tan* 

iiiii), concealing from a surface view the ■ cdulStered chloropliyli 
granules within, which retain their vivid hue.. In. all cases of 
I evergreen leaves the graoiiles of clilorophyli,..at the beghmiiig 

' ^ of the. cold season, pass from the walls to the centre of the 

f and are there aggregated in compact - clusters. ^ Their normal 

.condition is restored in the warm days of early spring. 

797. Kraus lias examined the changes in autmnii in the dilorO“ 
phyll of Euseus aciileatiis. He finds that in this plant some of the 
more siiperficial cells under the epidermis contain, minute granular 

inasses of a bixiwiiish' color, bu^ no" chlorophyll granules are to 
be distinctly seen, and tbat the subjacent. eells- have more? or h^ss 
liroken-dowii granules which are 3^ellowdsh.- or brownish griMm. 
In the cells maldiig up the'more spongy tissues there are a few 
chiorophy 11 gTaiiiiles quite intact, but there are indications that 
' some others have been completely destroyed ' and their coloriiig- 
inatter taken up by the siiiTOunding protoplasm, apparently in a 
state of solution. 

798. It wars thought by Kraus that .the- winter change in the 
.character of the chlorophyll was due to the lower temperature. 
He based his views largely upon .experiments wuth a braiicli of 
Buxiis (Box) ; but it has been shown by Batalin ^ and Askeiiasy 
that light has a more important influence . upon the chlorophyli 
tlian changes of temperature. 

7911. The raw materials required for .assiiiiilatioii, and tlieir 
reeeptioii by tlie' assimilating organs -These are (1) water and 
(2) earl'jonic acid. In earlier chapters it has been shown In 
what manner and to wliat extent water and- small traces of min- 
eral matters are brought from the soil Into the plant. It is 
now necessary to ascertain, in' what .way carbonic, acid enters 
the organism and is appropriated by 'it- 

800." .iiliseriitloii of carbonic acid by water plants. Tltese^ can 
'.al)sorb carbonic acid substantially as. they absorb mineral salts, 
directly from the water in which the^’. live. The ainoii'tit of car- 
bonic *acid found ill rain and other waters is .variable, ranging, 
according to the best authorities, from about one per cent to 
coBsiderably less than one- tenth' of. one .per cent. The amount 
.existing :i.ii the free state in natural 'waters, in which plants .thrive 


1 Botanische Eeitiing, 1874. 

2 Botanisclie Zeitung, 1875. 
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is shown in the following table (taken from the comprehensive 
synopsis in Watts’s dictionary) : — 

Cubic centimeters 

m water. 

Loch Katrine (Scotland) . . . . . . . . . . .3 

Bala Lake (Wales) . 1.1 

Ehine at Strasburg 7.6 

Bhone at Geneva ............ 8.4 

Thames at Kew . . . ... . . . . . . 50.3 

All the free carbonic acid dissolved in water can be expelled 
by boiling.^ 

801.. Absorption of carbonic acM by land plants* These, with 
their foliage exposed to the air, obtain from that source ail their 
supply of carbonic acid. No carbonic acid is taken up by their 
roots : ^ the supply enters the plant through the younger epider- 
mal tissues, chiefly, of course, that of the leaves. By the process- 
or respiration within the plant (see Chapter XI.) a small but ap- 
preciable amount of carbonic acid is produced, and a part of this 
is doubtless appropriated directly by the plant for the process* 
of assimilation. 

802. Carbonic acid and other gases found in the atmosphere 
sustain to vegetable membranes certain relations which must 


1 According to Bunsen (Jahresb. der Chemie, 1853, p. 317), one volume of 
water absorbs at 760 mm. barometric pressure, and at the temperatures noted, 
tire following amounts of various gases : — 


Nitrogen . . 
Oxygen . . 
Carbonic acid 


3°.2C. 
.02189 vol. 
.04553 “ 
1.5184 “ 


190 . 60 . 
.01515 vol. 
.03258 “ 
.8545 


According to tbe same authority, these gases occur in rain-water in the fol- 
lowing relative proportions : — 

0*^0. lOoO. 20°O. 

Nitrogen . . . 63.20 . . . 68.49 . . . 63.69 

Oxygen. . . . 33.88 . . . 84.05 . . . 84.17 

Carbonic acid . . 2.92 . . . 2.46 . . • 2.14 

® This appears to be settled by the results of experiments made by Moll:. 

(1) when carlx)nic acid is afforded, even in excess, to shoots, whose leaves are kept 
in an atmosphere free from carbonic acid, no formation of starch takes place ; 

(2) if such leaves are in the open air, the formation of starch is not increased 
above its normal rate; (8) when carbonic acid is supplied to roots of plants 
whose leaves and shoots are kept in an atmosphere free from carbonic acid, no 
formation of starch takes place. If the leaves and shoots of such plants 
are in the open air, there is no incre^e of starch above the normal amount 
(Arheiten des hot. Inst, in Wurzburg, 1878, p. 113). 
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now be presented in a general manner; and some introductorj 
reference must be here made to the well-known physical proper- 
ties of gases.^ 

80B. BMiision of gases* When two or more gases are brought 
into contact, spontaneous intermixture takes place. This pro- 
cess of diffiision, as, it. is called, goes on even when the gases 
are ver}’’ different in specific gravit}^ and when they are kept 
externally at perfect rest. Thus if a jar of carbonic acid be 
placed in connection with a jar of oxygen, the two gases, after 
a while, will become uniformly commingled. 

Similar commingling of gases also takes place througli per- 
meable substances, such as tliin plates of ungiazed porcelain, 
graphite, films of membrane, etc. 

804. I3ilfereiit gases diffuse through a given membrane in 
different times. The rates of diffusion of different gases at the 
same temperature and barometric pressure have been shown by 
Graham to differ nearly in the inverse ratio of the square roots 
of their densities, thus : — 


Rate of (liffusion 

Name of gas. (air being taken as unity). VBensity. 

Hydrogen 8.88 3.78 nearly 

Carbonic oxide . . . 1.01 nearly ... 1.01 “ 

Kitrogen 1.01 “ ... 1.01 “ 

Oxygen ...... .95 “ . • . .95 ** 

Carbonic acid .... .81 ** ... .81 


i Graham, who made a careful study of the laws which govern gaseous dif- 
fusion, has given the following clear account of the physical hypotliesis, which 
is now generally received : “ A gas is represented as consisting of solid and 
perfectly elastic spherical particles wdiich move in all directions, and are ani- 
mated with different degrees of velocity in different gfises. Confined in a 
vessel, the moving particdes are constantly impinging against its sides and oc- 
casionally against each other, and this contact takes place without any loss of 
motion owing to the perfect elasticity of the particles. If the containing 
vessel be porous, then gas is projected through the open channels, by tlie 
motion described, and escapes. Simultaneously the external air is carried 
Inwards in the same manner and takes the place of the gas which leaves the 
vessel. To this molecular movement is due the elastic force, with the |>ower 
to resist compression, possessed by gases. The molecular movement is acceler- 
ated by heat and retarded by cold, the tension of the gas being increased in the 
irst instance and diminished in the second. Even.' when the same gas i» 
present both without and within the vessel, or is in contact with both sides 
of our porous plate, the movement is sustained without abatement — molecules 
.continuing to enter and leave the vessel in equal 'num.her, although . nothing 
of the kind is indicated by change of volume or otherwise. If the gases in 
communication be. different, but possess sensibly -.the same specific .gravity „ 
and molecular velocity as nitrogen and carbonic oxide do, an interchange of 
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805. The movements of gases within the plant are of two 
kinds, (1) molecnlar (see note on the previous page), and (2) 
‘nhe movement of the whole mass depending exclusively on 
expansive force.” These are generally conjoined in the passage 

of gases through the plant. 

800. Fassage of gases through, epidermis free from stoiiiatiu 
The assimihiling apparatus in ordinary land plants consists of 
parenchyma cells frequently so loosely conjoined as to liave very 
conspicuous Intercellular passages, which communicate with sto- 
mata either directly or indirectly. All of these parenclyyma cells 
have walls of cellulose generally without any impregnation of 
foreign matter. But the peripheral ceils wdiich bound the whole 
as epidermis proper are eutinized on their external aspect, and 
must possess ndations to gases different from those presented hy 
common parenchyma with uninfiltrated wails. 

807. Througli ordinary cell-walls, that is, those which are com- 
posed of nearly pure cellulose, water passes and gases diffuse 
with facility. But as eutinized cell-walls, like those of the epi- 
dermis of leaves, are nearly impervious to water and to aqueous 
vapor, it would at first sight appear unlikelj’- that gases could 
imike their way through them ; such, however, is not the case. 
Experiments upon epidermal tissues free from stomata show 
that under ordinary circumstances gases can diffuse through 
eutinized walls. 

Tiios N. J. C. Muller ^ used the epidermis of the leaves of 
Ilmmanthiis puniceus in three series of experiments upon the 
diffusion of different gases. The membrane employed was, in 
the first series, two films of epidermis with a laj^er of winter be- 
twa'Hui them ; in the second, two moist films without any layer 
of water ; in the third, two films joined together and then care- 
fully dried in an exsiccator at 40® C. The method used by 
M filler is open in some of its details to criticism, but in. a genera! 
way the results are instructive.- The following are the mean 
ratios indicating the rate of diffusion obtained — 



Series I. 

Series 11. 

Series III.. ^ 

Hvdrogen . . . , . . 

100 

100 

100 

Oxygen . , , . , . . 

602 

55 

. ' 3.7 

Nitrogen , , . . • . 

471 

73 

, 30 

Carbonic acid . . , . . 

687 

■ ■ ' 48', 

45,. ■ - 


molecules also takes place without any change in yolume. With gases opposed 
of unequal density and molecular velocity, the permeation ceases, of course^ tf 
be equal in both directions” (Philosophical Transactions, 1863). 

^ Pringslieini’s lahrb., 1869, p. 169. 
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808. Experiments by a wholly different method were con- 
docted by Boussingaiilt/ upon leaves of Oleander. By a leaf 
having an upper surface of 37.2 square centimeters free from 
stomata, and completely closed on the' under . side b.y tallow, 
17.5 cubic centimeters of carbonic acid w^ere absorbed in a given 
time. 

In another series of experiments Bonssinganlt fastened the 
iHider siirhiees of two leaves closely together l)y means of paste, 
so that only the oppm* surfaces (free from stomata) were exposed 
to the air; with these leaves nearl.y the same results were ob* 
tained as in the first series, . 

809. Passage of gases tliroagli stomata. Stomata (see Figs, 
52 and 54) are pra(4/ieallv minute apertures in thin plates, and 
under ordinaiy ciixajmstaiuies there is no obstruction to tiie 
ready passage of gases through tliem from tlie surroundings into 
the interior of tlio phint. The changing pi*essiire caused by agi- 
tation of the foliage exerts, as it does in aqueous transpii'atton, 
an important influence in facilitating this passage, 

810. Merget- holds that it is chiefly through stomata that 
the interchange of gases with the outer air takes place in tlie 
plant ; but, on the other liand, it is claimed l\y Bartlielem}’ ^ that 
they play only a very subordinate part. There can be little 
doubt tliat the earlier view advanced and illustrated by Du- 
trochetd and further by Garreaud is substantially correct ; Jiarnely, 
that gases enter and escape from the plant freely both b.y diflu- 
sion through the ciiticularized cell-walls of the epidermis and 
by passage through .tlie stomata. 

811. Atmospheric air is chiefly a mixture of two gases, oxygon 
and nitrogen. The proportions in which these substances and 
others,, occurring in much smaller amounts, are found in dry air 
are usually stated as follows : — ■ 

Proportions by volume. Proportions by weight. 


Kitrogen . 79.019'84 ' 76.8399 

Oxygen . 20.94000 23.1000 

Carbonic acid ...... .04000 .0600 

Ammonia ....... .00016 .0001 


100 . 100 . 


.Agroiiomie, iv., 1 868,. p. '374. 

2 Cornptes Bendiis,, Ixxxiv., 1877, p. 876. , 

Ann. uea Sc. nat. hot., ser. 5, tome xix., 1874, p. 131. 
Ann. des Sc. nat. , tome xxv., 1832, p. 242. 

^ Ann. des Sc.^ nat. ser. 3, tomes xv,, .xvi.- ; 
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The first two substances occur in very nearly the same pro- 
portions in free atmospheric air wherever found, ‘ but the amounts 

of the last two vary within narrow limits. _ 

Besides the foregoing substances, the foUowing are also men- 
tioned as having been found in dry air in minute ti aces . Nitiic 
add, nitrous acid, ozone, marsh gas, carbonic oxide, sulphurous, 
sulphydric, and hydrochloric acids, and hydrogen. ^ 

SI2 L’nder ordinary circumstances the proportion of car- 
bonic acid in the atmosphere does not increase much beyond the 
amount stated above, namely, four one-hundredths, or one twenty- 
fiftb of one per ceut.‘‘ Pettenkofer assigns one twentieth of one 
iLTcent as the amount in the air of Munich (1,690 feet above 

^^*Tii confined spaces, however, the accumulation of carbonic 
acid (once known by the significant term fixed a,r) may be- 
come so great as to render the air irrespirable It was the con- 
sideration of the question how such air could be again lendeied 
fit for respiration that led to the first successful investigation of 
the action of plants uixm the atmosphere. * ^ 

818. The amount of carbonic acid found m oMinary water 
which has been exposed for a time to the air is suflicient or the 
supply of this gas to water plants. The percentage of the gas 
in the” atmosphere under ordinary conditions is ai^’le ^oj all the 
needs of land plants. The consideration of the effect of supplj- 
ino- a larger amount than usual of this gas to water and land 
plMts, in order thereby to influence the activity of the assimila- 
tive process, must be deferred until all the conditions essential 
to assimilation have been considered; but it may be said, in 
passing, that any large excess of carbonic acid over the supply 
furnished to plants in nature dimi nishes assimilative activity. 

"TVor a very instructive sumniary of results of the examination of the air 
in diiferent localities, the reailer should consult “ ^ wS 

nings of a Chemical Climatology,” by B. Angus \g®'/rfthe 

“ Angus Smith gives the following results of his examination in 1864 of the 

air of Manchester, England : Per cent of COj in atmosphere. 

In the streets, usual weather ....•••• ' ' 

Diiringfogs . . ... • • • • • • • • • • • 

Where die fields begin ... • • • • • * • ' 

In close buildings . . ■ • _ 

Minimum amount found in suburbs . ■ • • • • • 

See also Auu. de Chimie et de Physique, 1883, for reports on the amount of 

COg ill the atmosphere of different loealities. 

8 See the historical sketch, pp. B2S, S24. 
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I 814. Praetical staiy of assimilation. Before examining the 

remaining conditions 'of assimilation, a simple experiment is here 
described l\y which the reader can study in their proper relations 
ail the essential conditions of 'the process, and thus obtain a 
■ clearei' idea of the means by which the activity of assimilation 
■ is, measured and the indispensable, character of thn conditions 
' established. 

Fill a live-inch test-tube, provided with a foot, with fresh drink- 
f ing water. In this place a sprig of one of the following water 

plants, — Anacharis Canadensis, Myriophyllum spicatum, M. ■ 
verticillatum, or ai\y leafy Myriophyllitni (in foct, any small- 
leaved water plant with rather crowded foliage). This sprig 
should be ■ prepared as 'follows : ' Cut the stern squarely off, four ■ 
inches or so from the tip, dry the cut surface quickly with 
1 ■ blotting-paper, tlieii cover the end of the stem with a quickly 

I drying varnish, for instance asphalt-varnish (see 115), and' let 

! it dry perfectly, keeping the rest of tire stern if possible moist by 

means of a wet cloth. When the varnish is dry, puncture it by 
I a needle, and immerse the stern in the water in the test-tube, 

keeping the varnished larger end uppermost. If the submerged 
plant be now exposed to the strong rays of the sun, babbles of 
oxygen gas will begin to pass oif at an even and rapid rate, but 
not too fost to be easily counted. If the simple apparatus has 
begun to give off a regular succession of small bubbles, the fol- 
lowing experiments can be at once conducted. 

(1) Substitute for the fresh water some which has been boiled 
a few minutes before, and then allowed to completely cool : by 
the boiling, all the carbonic acid has been expelled. If the plant 
is immersed in this water and exposed to the sun’s rays, no bub- 
bles will he evolved; there is no carbonic acid within reach of 

, the plant for the assimilative process. But, 

(2) If breath from tiie lungs be passed, by means of a slender 

, glass tube througli the water, a -part of the carbonic acid exhaled, 
from the lungs will be dissolved in. it, and with this supply ot 
.the gas the plant begins the ’work' of assimilation immediately. 

(3) If the light be shut off, the evolution of bubbles will pres- 

! 'ently cease, being resumed soon after light again has access to 

'i the plant. ' , 

.1 (4) If glass of different colors be interposed in the path of the 

,j sun’s rays, it will be shortly seen that orange light differs from 

f violet light .in its effects upon the rate of the evolution of the 

bubbles. 

,(5), Place around the base' of .the test-tube a few fragments of 
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ice in order to appreciabty lower tbe temperature of the water. 
At a certain point it will be observed that no bubbles are given 
off, and their evolution does not begin again until the water be- 

comes warm. , . 

(S) Examine, at the close of the series of simple experiments, 

some of the leaves with iodine solution, for the detection of 
starch. Even with no precaution the chlorophyll granules will 
reveal the presence of a considerable amount ot the first visible 
product of assimilation, namely, starch. Lastly, keep a second 
nninjiired spray of the same plant in the light for a dme, and 
then in darkness Ibrada}' or two, after which examine it ioi 
starch; probably after this lapse of time no starch can be de- 
tected, for although it has been made in the light, in darkness it 
has been consumed in the various activities of the plant. 

815. According to the accepted theory, light consists ot waves 
which are set in motion in a tenuous elastic mediuiii termed the 
ether. The existence of this medium is made known to us only 
bv tlie phenomena which light itself presents ; but, having as- 
sumed its existence, the phenomena of light can be explained. 
The tenuity of this medium, which fills all space, tar exceeds 
that of any known gas, and its elasticit}" is tar higher than tliat 
of any known elastic solid. In it a luminous body sets in mo- 
tion undulations which produce upon the retina the sensation ot 
light; upon ditferences in the amplitude and the duration^ of 
these undulations depend differences in the intensity and the 
color of the light which reaches the eye.^ 


1 The terms just employed, namely, amplitude and duration, seem hardly 
applicable to waves of sucli incredible minuteness and velocity as those named 
in the following table : 

Color of 
light. 

lied . 


Orange 

Yellow 

Green 

Bine . 

Indigo 

Violet 


Number of waves of light in one 
second of time. 

477 millions of millions. 


Length of each wave. 


506 

535 

577 

622 

630 

699 


650 millionths of a millimeter. 
609 “ ‘‘ 


576 

536 

498 

470 

442 


2 “ The intensity of the luminons impression must depend upon the force 
of the atomic blows which are transmitted to the optic nerves, and it is also 
evident that this force must he proportional to the square of the velocity of 
the oscillating atoms, or, what amounts to the same thing, to the square of the 
amplitude of the oscillation ; assuming, of course, that the oscillations are 
xsochmnous. The connection of color with the time of oscillation is not so 
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816. MgM ani assimilatioii proper* Energy has been defined 
as the power of doing work. Of this there are two types: the 
energy of actual motion (sometimes termed hinetic)^ and the 
energy of position (known m potential). The illustration of 
their clifference" is usually given as follows : A ball thrown up- 
wards has the power of overcoming the force of gravity tending 
to pull it down, and possesses energy of motion; suppose the 
ball at the end of its course Is lodged upon some projecting 
shelf, then its energy of motion disappears, and it now pos- 
sesses energy of position. Whenever it' is dislodged, it will lail 
with the same power which w’as required for its ascent. From 
this and similar examples it is plain that one form of eiierg\ 
can be changed into another ; when one seems to disappear, 
it has in fact merely been converted into soroe other. 

817. These types of energy are to be found in molecules as 
well as in masses of matter. It is held that all molecoies of all 
matter are in a state of motion, invisible, but none the less real. 
One form of such invisible kinetic energ}' is heat, and anothei 
is radiant light, wdiere the energy of motion is embodied in the 
vibrations or undulations of the ethereal medium. A third forni 
is that of electrical separation; and still another, with ■which 
Physiology deals especially, is known as chemical separation, of 
which a familiar illiistratioii may be given; An atom of oxygen 
has so strong an attraction for one of carbon, that if the two 
are united, it is difficult to separate them, the force required 
to do this being comparable to that demanded to raise a w^eigbt 
to a certain height. As in the latter case the weight held in 
its raised position represents by that position the force whidi 
was employed to raise it, so the separated atoms repiesent 
energy of position ready to be again converted into energy of 
motion.^ 


obvious ; and why it is that the waves of ether heating with gi-eater or less rai)id. 
ity on the retina should produce such sensations as those of violet, Wue, yellow, 
or red, the physiologist is wholly unable to explain. We have, however, an 
analogous phenomenon in sound, for musical notes are simply the effects of 
waves of air beating in a similar way on the airditoyy nerves ; and, as is well 
known, the greater the frerpiency of the beats, or, in other words, _ trie more 
rapid the oscillations of the aerial molecules, the higher is the pitch of the note. 
Bed color corresponds to low, and violet to high notes of music, and me gra- 
dations of color between these extremes, passing through various shades of 
yellow, green, blue, and indigo, correspond to the well-known gradations of 
musical pitch ” (Cooke : Chemical Philosophy, 1882, p, 189). ^ 

1 It is seldom that one of these forms of molecula,r energy when exhibited m 
the phenomena of living Ireings is not associated with some other form. Thus 
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818. The conversion of the energy of the motion of the ethe* 
real medium (in radiant light) into chemical separation of oxy- 
gen from the carbon of carbonic acid, and the production of 
this treasured energy under other forms, is the chief office of the 
plant. 

819. Attention has already been called (see page 306) to the 
well-known fact that a beam of sunlight is composed of rays or 
lines of undulations differing both in respect to their amplitude 
and velocity. Hence it is to be expected that in their action on 
the plant these rays, which are in fact vehicles of kinetic energy, 
must have diverse effects. 

820. Classiflcation of the rays of tlie spectrum. When a beam 
of sunlight is transmitted through a triangular prism, it is broken 
up into its constituent rays, which, falling upon a screen, form 
what is known as a spectrum. The colors of the spectrum 
grade from red at one end, through orange, yellow, gi-een, 
blue, and indigo, to violet. The violet rays are bent further 
from their course by the prism than any of the others above 
spoken of, and hence are termed the most refrangible ; experi- 
ment has also shown that these highly refrangible rays are most 
efficient in producing the chemical changes long known to be 
attributable to light : for this reason they have been denomi- 
nated chemical (or sometimes actinic) rays. The red rays are 
bent far less from their course than any of the others above men- 
tioned, and hence they are termed the least refrangible. It is 
at the red end of the visible spectrum that the greatest amount 
of heat is found. The rays which constitute yellow and orange 
light are of medium refrangibility ; they are the most distinctly 
luminous. It is proper, therefore, for convenience, to distin- 
guish rays of the solar spectrum as chemical, luminous, and 
heat rays, according to the dominant effect which they produce. 
But it should be stated that each of these three groups may 
share some of the work specially belonging to the others ; and 
further, that beyond the visible spectrum are rays which are 
efficient in accomplishing certain kinds of work. These latter 
are known respectively as the ultra-violet and the ultra-red 
rays. 

Before examining the action of these different rays of light 
upon the assimilative activity of chlorophyll granules, inquiry 
must be made as to 


absorption, which is essentially a process of molecular adhesion, is accompanied, 
as is capillary attraction, by eleeWoal disturbances. In no case is energy lost ; 
one form disappears only to reappear in some other. 



PASSAGE OF LIGHT THIiOXJGH LEAVES^ 


1 Haiidbiich der Experimental- pbysiologie, 1865, p. 5. 

^ But it lias been siiowii by Hankel that tlie angle at whieli a beam of light 
strikes a plate of glass makes a noticeable difference in the amount of the chenii- 
eal rays wliicli can pass through it ; thus while at a vertical angle SI per cent 
of the rays are traiismittedj the rest being absorbed, at an angle of 60° the 
amount transmitted is reduced to 71 per cent, and at 80° to 33 per cent. The 
subject as relating to ]ii ants has not received the attention it deserves (Berichte 
iiber die Verhandlungeii der Sachsischen Gesellschaft der issenschafteii), 

® Sachs : Experimeiital-physiologie, 1865, p. 8. 

^ Pringsheim : Moiratsberichte der Berlin A kademie, 1879. 


821. The ieptli te wliicIi llgl.it can penetrate green tissues. This 
can be ascertained approximately by a simple apparatus sug- 
gested by Sachs. ^ A pasteboard ■ tube, a foot or so in length 
and about an inch in diameter, is cut at one . end so as to fit 
itroiind the eye very closely and ailo-w no ^ rays to enter except 
through the other end of the. tube. - .If' a thin leaf be placed 
over the distal end: of the tube, and it" be held towards a bright 
light, a large portion of the , light will be .received by the eye. 
If leaf after leaf be placed over the .first, the green color soon 
gives way to a dull red, and finally, is ■ excluded altogether. 
The same apparatus shows to what depth light can penetrate 
superposed layers of green' cells taken from a stem or from thick 
leaves.*^ 

822. T.h,e cpality of tlie liglit wliicli penetrates' a leaf, or whicli 
lias passed tiirough one layer of cells containing chlorophyll, is 
shown by means of the spectroscope.' ■ BTom what has been 
shown (p. 296), it is clear that the light .which acts on the cells 
l:)elow the first layer; exposed to the 's.infs rays' nuist be ditfereiit 
from the incident rays themselves. The light which r(‘aches 
the deeper tissues of a leaf ' has passed ■through more than one 
film of green tissue. ... 

823. ■ The degree of intensity of w.liite .(that is, uncoiored.) iiglit 
most favorable to .assiinilatioii has 'not. been dete'riiain.ed with 
certainty.' The lowest limit, at which any assimilation has been 
observed is considerably above that -at which etiolated chloro- 
■plijll turns green.^ , 

824. It has been shown ^ that very^ intense white light, even 
after it has beeii^ deprived of nearly ".all of its heat rays, can 
destroy the vitality of vegetable cells... Considerably before the 
death of the cells from ' this cause, ".the chlorophyll granules In 
them lose all their coloring- matter, even when they preserve 
their general form, and having once lost- their green color, do 
not afterwards regain it.. 




ASSIMILATION. 

825 Colored light and assimilation. Daubeny, in 1835, was 
the t'st Ho experiment systematically upon t ns subject. His. 

the lust 10 j f^viinwg * “A certain number 

method HI each case an extent of surface 

of fresh leaves, wine l ^ previously ascertained 

to "ivclreqrarqimntities of oxygen, were introduced severally 
into iars lilled with water impregnated with carbonic acid gas,^ 
uKced on the surface of a pneumatic trough, and exposed toi 
?cclr t me tl the influence of the solar rays. The jars lu 
i h!l the leaves thus selected stood, were severally covered 
^ 1 • .1 u-oodeii screen which intercepted all light Iroin the in- 

n.ir ” cxccptino' in trout, where a frame was tttted, into which 

^ttiouiit and c^uir.ter HHhe 

T-, Tn -<ci]oo'r» T'oclilcnriO' Armomcin^ and Mciitlia 

employed-, orange, red, blue, purple, . 

used were, for blue, ammonio-sulphate ol coppei, and toi 

^'“hililt^ses Daubeny determined the amount of gas given off 

“ m-'— 

mLte^“'‘^that the effect of light upon plants corresponds with 
its illuminating rather than with its chemical, or its caloii c 

infliiuKt.^. in 1844, published an account of his ex- 

pc-rimmils upon the relations “en 

the aniount of assimilative activity in dicated bj the - Ja e 

~T^.ncbici- and otters had already conducted some inconclusive experiments. 

rSrAXlndght i>PO« "P°" 

(PhilosopliicalTransactions, 1836, p. 1^9). mpounrpd 

The activity of assimilation proper, as will he seen later, . 
with a very close appi-oximation to accuracy, hy the amount °f 
which is set free from the assimilating tissues, or, f ^ them, 

tially the same thing, by the amount of carbonic acid 

For the sake of uniformity, the word ctsWu ioa is to be u^ 

ivg paragraphs, even where the authorities cited refer 

Pie terms decomposUwn of carbonic add, evolution of ^c. The teim 

I teimilation, in its restricted sense, was adopted by bachs (liiOtSj. 

8 Philosophical Tmnsactions, 1836, p. 151. 


dbaper's expeeimekts. 
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off diiiiog exposore to difie rent rajs of the solar spectrum. From 
Ills results it appears that ^Hlie rays which cause the decomposi- 
tion, of carbonic acid gas have the same. place in the spectrum as 
the orange, the yellow, and the green ; the extreme red, the blue, . 
the indigo, and the violet exerting no perceptible effect.'' \ 

' Draper lays great stress upon the interesting fact previously 
noticed by Daubeiiy, tliat tlie' chemical rays a[jpear tr> have no 
effect upon the work of assimilation. lie. does not, however, 
offer any. explanation of tlie curious fact tliat tiie chemical activ- 
ity of the plant is dependent upon other ra}'S tiiaii the chemical 
for its excitation. ' 

827. The pri.ncipal results obtained with submerged water 
plants by Cloez and Gratiolet,^ who exposed Potamogeton and 

1 A Treatise on tlie Forces wliicli [irodiice tlie (.trgaiihatioii ot Plimls, 1S4 4, 
p. 177. The metiiod of experimenting is detailed 1:y Draper as lollow.s : 

“ Havings by long boiling and siibseipient cooling, oljtaiiicil water fre«‘ from 
dissolved air, I saturated it with carbonic acid gas. Some grass leaves, the 
surfaces of which were carefully freed from any acUiei’ent hiibhles or films 
of air by having b(ien kept ))eneatli carbonated water for three or tour ilays, 
were provided. Seven glass tubes, each half an inch in diameter and six 
iiiclies long, were filled with carbonated water, and into tlie upper |»art of each 
the same nuinber of blades of grass were placed, care being taken to have all 
as near as could he alike. The tubes were inserted side by side in a suiall 
pneuinatic trough of porcelain. It is to lie particularly remarked that the 
blades tvere of a pure green aspect, as seen in the water; no glisteniiig air- 
film, such as is always on freshly gatliei'ed leaves, nor any air bubbles, were 
attached to them. Great care was taken to secure this perfect freedom from 
air at the outset of the experiments. 

“Tlie little trough was now placed in such a position that a solar sj>eetrnni, 
kejit motitmless by a licliostat and liispersed liy a flint-glass prism in a lauu" 
y.imtal dirccti.m, fJli upon the tubes. By bringing tlie trough ncann to tlie 
prism or moving it farther off, the <i i fie nmt colored spaces could be niaile to 
fall at ])l(.^osurc, on tlni inverted tubes. The beam of light was about ihrce 
fourliis of an incli in <liainet<;r. In a few roiniitcs after the comriieiiceiiiHit 
of the experiment tlie tubes on which the orange, yellow, and green light fell^ 
commenced, giving oir niintibi gas babbles ; and in about ari hour and !i iialf 
a (juantity was eoliectj.'il snificieiit for accurate measiiremeiit. 

“The* gas thus colleeted in each tube having been transfenjd to 
vessel amrits tinantity fleteianmed, the little trough, with all its^ tubes, was 
freely ex]iosed to the sunshine. All the tubes now comiiienced actively iwolv- 
iiig wliich, when, collected and measured, served to sbow the ca|)a'dty of 
eaclAiil^c for carrving on tbe process. If the leaves in one were more sluggish, 
or exposed a smaller snrfece than the others, the quantity of gas evolwd m 
that tube was correspondingly less. As may be readily supposed, I in.-ver 
could get tubes so arraiiged as to act alike ; hut after a little practice 

I brought them sufficiently near ■ to equality. ■ And in no instance was this 
testing-process of . the power of eiuffi tube for evolving gas; omitted, alter the 
experiment ill the, spectrum was over.”: , , 

2 Annales'de Chimie et de Physique, ser. 3, tome, xxxii., 1851,; p. 67.' ; 





r Per cent of carbonic acid 

1 in tlie air. 

Remarks as to chemical activity 
of light. 

18i). c. 

21 p. c. 

30 p. c. 


Iodine in CS^ 18 

Green glass 20 

Violet glass 18 

Blue glass 17 

Bed glass *? 

Yellow glass 5 

Ground glass 0 

21 

30 

19 

16.60 

6.60 

1 

0 

30 

37 

28 

27 

23 

18 

2 

Pbotograpliic paper not blackened. 
Argentic chloride slowly discolored. 
Sensitive paper blackened rapidly. 

No blackening of argentic chloride 
or sensitized paper. 

Paper not blackened. 

Paper discolored rapidly. 
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one, or tbirt}” per cent of carbonic acid, and made of red, yellow, 
green, blue, violet, and colorless glass. His results agree ia 
general with those obtained by the other methods. 

830. In 1870 fiirtfier investigations in the same sul)jeet wore 
made b}' Pfeffer.^ The following is a resume of tliOi results of 
his experiments with the leaves of five different plants exposed 
to colored light : Only the visible rays of the spectrum cause 
decomposition of carbonic acid ; and in this process the brightest, 
that is, the yellow rays, are as efficient as all the others taken to- 
gether, while the most refrangible rays, those which act most (m- 
ergetically upon chloride of silver, have only ver^' slight iidluence 
upon the work of assimilation. 

Every color of the spectrum may be said to possess a specific 
quantitative influence upon assimilation. This influence remains 
unchanged whether the color is isolated, combined with one, or 
with all the other colors of the spectrum when it acts upon a 
part of a plant containing chloropbylL 

831. Examination of the spectrum of chlorophyll (779) shows 
that the part of the spectrum which absorbs most of the rays is 
that which is pre-eminently its chemical end ; but by all the ob- 
servers whose results have been cited in the text, it is held that 
the chemical end is that which is least efficient in assimilation. 
With the exception of the narrow though strong absorption-band 
in the red, all the deep absorption-bands of chlorophyll and its 
solutions belong at the violet or chemical end of the spectrum - 
Muller and Timiriazeff, cited in tlie notes, have endeavored to 
investigate this anomal^y. 

832. Timiriazeff,*'^ in a series of researches in 1877, ex[>eri- 
mented upon the slender leaves of Bamboo, which he placed 
in tubes of small calibre containing air of known composition, 


1 Arheiten des hotaii. Inst, in Wiirzbnrg, 1871, p. 1. 

Tlie following works may also be cited : — 

A. von Wolkoff, Einige ITntersncbnngen fiber die Wirkimg des Licbtes von 
verschiedencr Intensitat auf die Ansscbeidung der Gase dureh Wasserpflanzen* 
Pringsh. Jahrb., v,, 1866, p. 1, 

Adolf Mayer, Production von organ iscber Pfianzen-Substanz bei Ausschlues 
der eh(mischeii Licbtstrablen, Versiichs^Stationen, ix., 3867, p. 396. 

N. J. G. Miiller, Untersiiclmngen iiber , die Diffusion ■ der. atmosphariscben 
Gase in der Pflanze nnd die Gasaiisscheidnng' nnter verscbiedenen Beleucbt- 
nngsbedingungen, Pringsh, Jahrb,, vi,, 1867, 478; andvii., 1869, 145. 

Timiriazeff, Botaiiisclie Zeitung, 1869, p. 169. 

Prillieux, Ann. des Sc. nat., ser. 5, tome x., 1869, p. 305. 

Baranetzky, Botaiiiscbe Zeitung, 1871, p. 193. 

2 Annales de Chimie et de Physique, s6r. 5, tome xii., 1877, p. 355. 
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noosed to different parts of a large spectrum formed by a 
f unw m-isrn filled with carbon bisulphide. By employing a nai- 
slit for the light than that used by previous experimenters, 

rom er silt lo ^ ^ leaves to a very limited portion 

siictrum'^'"and to this difference in Ms apparatus he cMefly 

of the spectuim , i • u o.-ia nt variance with those of his 

"srsL^r rrmii the 

evolved are accurate, they indicate that tire amount o - 
hoMc acM decomposed by leaves is proportional to the 

his results to an 

stantiallv adopts the results of Timirlazeff, f 

^milication of them to the associated phenomena. He calls atten 

SftoSe that the maximum of decomposition ot carbonic 

SI u^ev the conditions of Timiriareff’s expv ments, takes 
iilacl at the deep absorption-band of chlorophj 11, between ^ 
^id C and therkre concludes that the decomposition of car- 
bmiic^rlf^ exposed to solar radiation depends on two 
elements: (1) the elective absorption of the chlorophill, and 
(■■>Vthe calorific energy of the absorbed radiations. Accoiciiia 
to this view, the most efficient radiations must be those whmh, 
beino- best absorbed by the chlorophyll, possess at the saiiie ti n 
th^^eatest calorific energy. Hence, (1) the - 
the d-ii-k heat-ravs, in spite of their extraordiiiarj caloiifm ’ 

have no effect. Mcause they pass through chlorophyll witliou 

S.l. ,a,o,i.Uo„ : -.1 (2) «» l.>™ ™ '2 S t 

ailsorhed, exert scarcely any effect, owing to their feeble caloufic 

8ffi5 Timiriazeff B results should be compared with those of 
Engclmann, who finds that for green cells the abso ute 
of Lsimilative activity lies in tbe red, 

at tlie point of the first and most proiiouneed absoipt o i-banU oi 
ffilm-oKll, and that there is also more or less activity in he 
ffiue a F If the cells are not of a green color, the maximum ol 
SS i, i. so..e othc, point 1 tl.«s !« tl.o onto, of l.l.,»l.-i»n 
cells it is in the yellow, and in that of red cells m the gieeu. 

" Engelmami’s method is based upon the extraordinary sensi- 


1 Ami. de CMmie et de Physique, siSr. 5, tome xii., 1877, p. 394, aad Ann. 

des Sc. nat^ ser- 7^^ 

2 Traite de Botoique, 1884, p. 149. 


ENGEL'MANN’s REBEARCHES.. 


315 


I 



tfveiiess^ of certain bacteria to the presence of free oxygen. By 
an ingeiiioiis device, simple in its application, it is possible to 
deteroiiiie the parts of the spectrum in which an assimilating cell 
or filament gives oif oxygen most copiously. Under the stage 
of the microscope is placed a microspectroscope, which throws 
a clear spectrum upon aiiy oliject on the glass slide in its phiee 
on the stage, for instance, a filament of an alga. The alga is 
placed upon the slide in water which, contains numbers of the 
coininoii Bacterium (B. Termo), easily procured from putrescent 
matters. If it is kept from the light, or is exposed to only very 
faint light, all assimilative activity is suspended, and the baettnia 
after a time are quiescent. But when ligiit in suflleient amount 
is permitted to pass througli the specimen, assimilative activit^-fs 
at once manifested, and tije evolution of oxygen fi*om tlie filannuit 
brings the bacteria into ra]3ki movement. If, instead of wl.iite 
light, , the rays from the spectroscope are passed through the 
s|)ecimen, the activity of the bacteria is equally mani,fest, but it 
is confined to a comparatively small part of the spectrum ; the 
l)acteria collecting chiefly at the points winch are kno'iMi to coin- 
cide with the absorption -bands of chloropiwll.*^ When a some- 
what thick cell is employed, there is a noticeable difference 
between the amount of activity on its upper and under side, 
Tlie figures show the ratio of activity of assimilation between 
the under side first exposed, and the upper side which receives 
light that has first passed through a green film. 


B-0. 

I). 

B|E. 

E-b. 

P. 

Pp. 

. 100. 

48.5 

37. 

21. 

36.5 

10, 

. 36.5 

94. 

100. 

52. 

22. 

12. 


It is^ to be noted that Engehoann did not in any case find any 
assimilation in iincolorcd ehlorophyll, even when the iiglit was 
tempered by the interposition of a colo.red medium (compare 850).® 
He has proved that assimilation proper takes place only in 


According to Eng«'hiiaim, the sensitiveness of bacteria is so great that, 1:»y 
their reaction the. trilliontli part of a milligram of oxygen can be detethed 
(Botanische Zeitmig, 1883, p. i). Clerk Maxwell’s estimate' of tlie weiglit of 
a molecule of ox.ygen was o,iie thirteen trilliontli of a milligram (Pliilosophical 
Maga'ziiie,. 1873, p. 453). 

2 iij |g interesting to compare these determinations of the point' of greatest 
assimilative efficiency in tlie spectrum with the results of Langley’s researches 
upon the .distribution of energy, in the spectrum (Anierican Journal, of Bcience^ 
XXV., 1883, p. 169). ; 

Botanische .Zeitung, 18.82, p. 419; 1883, p. 17. ■' 
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protoplasm wMcli contains coloring-mater, as for instance the 
chlorophyll granules, the colored granules in alg®, etc. 

834. Artificial light and assimilation® De Candolle.^ exposed 
the submerged leaves of several species of plants to the light 
emitted by six Argand lamps, and failed to obtain thereby any 
evolution of gas. He estimated that the lamps had about five 
sixths of the intensity of sunlight. In this experiment the 
light, though insufficient to cause the evolution of gas, restored 
etiolated plants to their original green color. 

835. When, however, a submerged water plant is exposed to 
the rays from a calcium light ^ (as that of an ordinary projecting 
lantern), there is a copious evolution of gas from its leaves. The 
light from burning magnesium wire is also sufficient to cause the 
decomposition of carbonic acid and the evolution of oxygen.® 

830. The influence of the electric light upon assimilation has 
been investigated by numerous observers. Deherain, who ex- 
perimented in the Palais de rindustrie, in Paris, found that the 
total assimilation produced in the leaves of Anacharis Canaden- 
sis, during an exposure for five days, was not equal to that which 
followed exposure to sunlight lor a single hour.^ Siemens has 
shown that (1) many plants do not require any period of rest 
during the day, but thrive under continued illumination by elec- 
tric light and sun-light ; (2) electric light, properly regulated, 
accelerates growth, and produces upon plants efi'ects comparable 
to those produced by sun-light.^ 

837. Temperature and assimilation proper. In certain cases 
the minimum temperature at which assimilation can take place is 
only slightly above the freezing-point of water. Boussingault ® 
found that the leaves of the larch decompose carbonic acid at 
a temperature of from 0^.5 -2^.5 C. ; while Kraus'^ gives the 

1 Mem. pres, par divers Savans, h> rinstitiit des Sciences, tome i., 1806, 
p. 833, and Physiologie vegetale, 1832, p. 131. 

Biot, in 1840 (Frorieps Notizen, xiii. 10), when measuring, in Spain, the 
length of a degree of latitude, found that the light from the powerful signal- 
ling apparatus used was not sufficient to cause any evolution of gas from sub- 
merged plants of Agave Americana. 

2 Prillieux: Comptes Kendiis, Ixix., 1869, p. 408. 

s Heinrich : Yersuchs-Stationen, xiii, 1871, p. 153. 

^ Annales Agronomiques, tome vii., 1881, p. 385. 

s Proceedings of the Eoyal Society, xxx., pp. 210, 295, and Report of the 
British Association for the Advancement of Science, 1881, p. 474. 

^ Ann, des Sc. nat., ser. 5, tome x., 1868, p. 336. 

^ Kraus (Pringsh. Jahrb., vii., p. 522) placed seedlings of Lepidium sativum 
in the dim light of the hack of a room, where after six days the cotyledons 
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Dainimom'teinpemture for assimiktion bj Anacharis, Lepidium, 
and Betula as C. ; and Heinrich^ gives it as 2®.5-4°.5 C.' 
for Hottonia. 

The maximum temperature at which assimilation can occur 
in Aiiacharis is between 45° and 50^ C.'; in' Hottonia,® just be- 
low 56° C, 

The optimum^ temperature for Hottonia appears to be not 
far from 31° C. 




showed no trace of starch. The plants were then distributed in three rooms 
of the temperatures mentioiied in the annexed table, ami with the results there 
detailed: — - 


After 

T2a.8-m7 0. 

5'=,9-6®.6 0. 

0'\3-0'^.5 0. 

2 hours. 

The first starch granules appear 
in the chlorophyll cells on the 
margin of the leaves. 

Ho starch. 

No starcii 

3 bours. 

Starch in the whole tip, margins, 
and petiole. ' 

Some traces of starch at 
margins of the leaves. 


6 hours. 

Starch in the whole upi:>er half of 
the leaf. 

Tip and narrow edge with 
starch. 


13 hours. 

The whole leaf contained starch. 

Margin with much, sur- 
face with little starch. 



^ Versuohs-Stationen, xiii., 1871, p. 136. 

2 Schutzenberger and Quinqiiaud : Comptes Eendus, Ixxvii., 1873, p. 272. 

® Heinrich : Versnchs-Stationen, xiii., 1871, p. 136. 

^ Heinrich’s figures are so instructive that they are here presented in the 
following table, which gives the number of bubbles of gas imssiug off from the 
cut surface of single leaves of Hottonia during the space of five minutes : — 

Temp. Ho. of bubbles. 


11 

12 

18 

15 

17 

21 

22 

25 

31 

37 

43 

50 

56: 


145-160 

180-190 

215- 

246-255 

255-265 

325-300 

375- 

390-450 

547-580 

420-517 

225-255 

110-220 

0 


5 The student must be, reminded that the, amount of gas. which comes off 
in this experiment with „ submerged plants, is mot .an'. e^d .mcnistire of the 
assimilation. ' . . 
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H38. The anioniit of carbonic acid nnfaTorable to assimilation® 
Experiments made by Saussure ^at the beginning of this cen- 
tury proved beyond question that plants are not tolerant of an 
a,tmosphere containing a large proportion of carbonic acid. In 
carbonic acid alone, or even in an atmosphere containing 66 
per cent of this gas, vegetation was speedily destroyed. It was 
shown, however, that if the plants were exposed to Ml light, 
th(w could sustain 8 per cent of carbonic acid without injury. 
Haussure thought that the presence of free oxygen is necessary 
to the assimilative work of the leaf. 

83! ). In 1849, Datibeny ^ carried on an extensive series of re- 
searches, chiefly upon plants allied to the dominant vegetation 
()r the Carbonilerous period, namely, ferns and their allies, from 
which it appeared that even for these plants an amount of car- 
bonic acid above 10 per cent is injiiiioiis. Five species were 
placed in a receptacle containing about 46 liters of air, and to 
tliis air was added one per cent of carbonic acid, and also one 
pel* cent daily thereafter, until the amount present reached 20 
per cent. This proportion was kept for twenty days, small 
amounts being added, as occasion required, to make up for loss 
by leakage. On the thirteenth daj’ a sensible impairment of 
the plants was noticed ; and at the end of thirty days all of 
them had been more or less damaged, most having lost their 
fronds. 

840.^ Boussingault,® in 1864, conducted a series of experi- 
ments in order to ascertain whether the presence of free oxygen 
in an atmosphere containing carbonic acid is necessary to the 
work of assimilation. The results of his researches are given 
as follows : — 

(1 ) Leaves exposed to sunlight, in pure carbonic acid, do not 
decompose this gas, or if at all, very slowly. 

(2) Leaves exposed to sunlight in an atmosphere containing 
a mixture of common air and carbonic acid decompose the 
latter gas rapidly ; but the oxj^gen of the air has no part in this 
operation, since, 

(3) Leaves exposed to sunlight rapidly decompose carbonic 
acid gas when this gas is mixed with nitrogen, hydrogen, car- 
bonic oxide, or carburetted hj’drogen. 


^ Saussure: Reeherclies chimiques sur la v4g4tation (Paris, 1804), p. 29. 
An earlier experiment was made by Percival 

2 Report of British Association, 1849, p. 66 ; and 1850, p. 159. 

^ Agronomie, iv., 1868 , p, 301. 
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841. The aiiioiiHt of carbonic add most farorable to asslmllatioi* 
The results of the most exhaustive study of the amount of car- 
bonic acid most favorable, to assimilation have been given by 
their recorder as follows : — 

(1) Increase in the amount of carbonic acid in the air,' up to 
a certain li;mit (the optimum), favors the evolution of oxygen, 
by plants ; beyond tliis it is more or less injurious. 

(2) The optimum, of earl^onic acid is dilferent for different 
plants : for Glyeeria speetabilis on clear days it is between. 8 
and 10 per cent; for Typha latifolia, between, 5 and 7 per. cent; 
for Oleander, .somewhat less. 

(3) Any given, increase in the amount of carbonic acid 1 h*1ow 
the optiiniiio fa^^ors the evolution of oxygen far more than a 
similar increase above the optimum hinders it. 

.(4) The stronger the intensity of the ligl.it the more the m'olu- 
tioii of ox.ygeii is fovored by Increase in the amount of carbonic 
acid up to the optimum; and when this limit is passed tlie 
evolution is cheeked so raiicli the less. 

(5 ) From (4 ) it follows that the influence of the intensity of 
the light on the evolution of oxygen is greater in proportion to 
the amount of fairhonlc acid in the air. 

84r2. Ratio of the oxygen evolved by plants to tlie carbonic? acid, 
decomposed. The volume of oxygen evolved by plants during 
assimilation proper is very nearly that of the carbonic acid 
decomposed.^ 

Numerous experiments by Boussingault exhibit this relation 
in a v(‘ry striking manner. In forty-one experiments the volume 
of carbonic acid was to that of the oxj'gen set free as 100 : 98.7. 

^ Saussuvo ( R(*<4u*r<*.1ics cliirniqnas .sur la vegetation, 1804, isp. 40, 50) h 
regarded as tlie iirst to iudieati^ this. He arrived at this conclusitm by experi- 
lueiiliiig upon a, uuinber of [dauts mider diflerent conditions, ilis first renorded 
experiiiH'iit eonsisleil in surrounding seven plants of Vinea (Periwinkle) with 
an 5itinos]>liere containing a. known quantity of carlKmie aciil gas. The plants 
were ex[)o.sed to sunlight from five to eleven oVdotde in the inorning for six 
days, after which tlie air in the bcdl-jar was exaioinerl. 

Airin'the jar Air in, tJie jar, 

before the experiment. after tlie experiment. 

Nitrogen . . . . 4199, cubic cent. ■ . .. 4338 cubic cent. 

V Oxygen ,. p. . . 1116 ' ' • • 14^8 , , 

Carbonic acid ... . 431 ' 0 

Total volume,, . 5746 5746 ** 

Saiissure’s conclusion .is ^ that plants, in decomposing, carbonic add, assimi- 
late a part of the oxygen gas therein contained, and, further, that the anionnt 
of carbon retained by the plant bears a definite relation to the amount of f'(L 
taken up by it. 
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The following table by Bonssingault ’ is very instructive, as it 
shows the relation of volume between the amount of carbonic 
acid consumed and the oxygen evolved in assimilation; and 
also the decomposing power of various kinds of plants under 
different conditions.®' 


Oxygen 


Time of Surface 
exposure of 
to light, leaves. 


CO2 decomposed 
per square deci- 
meter each hour. 


CO2 disap- 
pearing. 


Constitu- 
tion of at- 
mosphere. 


Plants. 


apjiear- 

ing. 


Cherry laurel 


Holly 

Mistletoe 


. The gas emitted during the process of assimilation proper 
pure oxygen. Both Daubeny * and Draper « found varia- 
lounts of nitrogen in all the cases examined by them. 

What are the products of assimilation proper ? It has 
een shown under what conditions the green tissues of a 
decompose carbonic acid and evolve oxygen.® As the 
esult of this decomposition and its associated processes 
s formed within the cells which contain chlorophjdl a carbo- 
e of some kind. This carbohydrate contains the same 
ts as the carbonic acid and the water from which it was 
ed, but it contains less oxygen than the total amount 
in those substances taken together. Hence the process 
imlation js essentially one of reduction. There is, how- 
o substantial agreement as to the nature or constitution 
pnmary carbohydrate formed by it. 
difficulty which attends the investigation of assimilation 


Agronomie, iv., 1868. p. 286, 


^ A well-ltnown relation of volume between oxvgei 
he^ be pomtedout ; namely, that “free oxygen o^u 
by uniting it with carbon.” 

Ijiiiosophical Transactions, 1836. 

* In every instance wliich I have examined, the 
IS not pure oxygen, bnt a variable mixture of oxygen a 
IS ot uniform occurrence” (Chemistry of Plants, 1844 
circnm ^ of the transient evolution of o 
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is apparent at a glance. The raw materials, the apparatus, 
and ttie ultimate products of manufacture are known ; but the 
intermediate processes by which chlorophyll granules under the 
influence of certain rays of light can cause the dissociation ot 
carbon from the oxygen with which it is combined m carbonic 
acid, and bring about the synthesis of an organic substance Ironi 
materials wholly inorganic, are not at present known. ^ 

845. The wide field which the synthesis of organic Irom inor- 
ganic matter opens to conjecture has not been left unoccupied. 

It is generally admitted that in assimilation there is first formed 
some ternary substance, namely, one which contains the throe 
elements, carbon, hydrogen, and oxygen; and further, that 
this contains less oxygen than the two inorganic matters, cai- 
bonic acid and water, from which it is produced, taken to- 
o-ether. Exactly what the ternary substance is, or how the 
dissociation or reduction is earned on in the chlorophyll granule, 

is still left in doubt. . 

846. Starch is the first visible product of assimila- 

tion, as was first pointed out by Sachs in 1862. Although 
Sachs appears to have held at one time that it is the first pro- 
duct, his later expressions are more guarded, and simply state 
the fact universally admitted, namely, that starch is the firs 
product which the microscope can detect. When a seedling has 
been kept for a time in a dimly lighted room, its cotyledons and 
other leaves grow pale or etiolated, and if they are examined 
for starch, no trace of it will be found. But upon a very short 
exposure of the plant to the direct rays of the sun, provide^ the 
other conditions are favorable, a certain amount of starch will 
appear in the chlorophyll granules of the ceUs at the ma^m of 
the leaves. If the plant is again withdrawn from the li^ht, m 
scanty store of starch is speedily consumed, but on renewed im 
solation the loss is made good; this process can be repeated 
many times. From the constant appearance of starch in tlio 
chloropliyll granules under the above circumstances it has been 
general recognized as the first visible product of assimilation 
proper. But it has obviously such a complex molecular struc- 
ture that chemists are unwilling to believe that its 
the plant is not preceded by the production of some simplei 
substance. Furthermore, there are a few cases m ® 

replaces starch as the first visible product, thus indicting that 
there may be som e earlier product possibly common to both. 

I Botanische Zeitiing, 1862 ^ Flora, 1862.^ 
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847. Glucose. It is held by some that this product is glucose 
(C,ilj 2 ()^;) or some substance having the same atomic propor- 
tions of these elements. Early and not well-defined views in 
regard to glucose may be replaced by the following statement of 
a theory widely taught. 

848. Formic aldehyde hypothesis. According to Gautier,^ 
chloro[)hyn exists in two conditions, 'iDhite chlorophyll^ rich in 
hydrogen, and green chlorophyll^ poorer in this element. E^vhis 
hypothesis the ^''ellow ray absorbed by the assimilating tissues 
furnishes a certain amount of energy which is partially eoii- 
vertiHl into heat, and promotes evaporation of water (transpira- 
tion) : and at the same time it permits the chlorophyll granule to 
sleeompose the water with which the protoplasmic mass is sato- 
raled. hi the presence of CO^ and H/) the reducing process 
gives rise to formic acid (CllgOg), which in its turn is reduced to 
formic (or methydie) aldehyde, CH 2 O. The latter has the same 
atomic jU'oportioiis as glucose (Ci-HioO,.) . 

849. Whether, in assimilation, the ternary snbstaiiee be for- 
mic aldehyde, or glucose, or starch, it is certainly’ a substance 
capable of undergoing further oxidation, and hence, chemically' 
s{jeaking, an unsaturated compound. When this iinsaturated 
compound is oxidized,^ a definite amount of energy of motion 
is set free, and this is manifested to us under one of its many' 
pliases, namely: (1) movements of the wdiole plant, as in soiiic 
of the lowest organisms ; (2) movements of liquids within the 
plant, as in the transfer of matter to ]')oints of consumption ; 
(^i) licat ; (4) electrical disturbances, and all the proper vital 
arftivities (*orrelated with these. Tlie energy of motion in solar 
radiance is treasured for a time in the ternary' and derivative 
products, thence to lie released as occasion requires. 

HuO. it is proper to refer at this point to a novel view in 
r(‘garcl to the- product of assimilation which has received .'inuelr 
adverse criticism namely, that of Pringsheim,® Attention has 
already been called to the interesting observations by' this bota- 
nist on the constitution of chlorophyll granules. In proseciitiog 
his iin'cstigations he became convinced that the , peculiar, colored 
substariee wdiieh is extruded from the granules under the influ- 
ence of certain agents is a product of assimilation. To this 
product he gave the nmi^dhypochlorin. According to him, when 


^ La Cliimie des Plantes. Eevue Scientifiqne, Feb. 10, 1877, p. 767. 

® CoBipare Claude Bernard, Le<jons sur les Phenoiu^nes de la Tie, 1878. 
^ Talirb., xiL, 1870-1881, p. 288. 
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any active cells containing chloropliyll ^anules are 

to^onditions favorable to assimilation, hypochlorin is fori _ 

in considerable amount; but when the 

lation are not present, only traces of it are produced. Pf 

heim used an entirely novel method of experimeiiting ; namUjv 

that of subieeting the chlorophyll granules to the action of 
iSKom wU* tl» U r«» hud ton «t,u«d ^ 
m-fecth- as possible 1 and under these eonditions he <»*<' 
Lteet iny hypochlorin, but observed a marked increabe in tlio 
amount oPCo! given off as in ordinary respiration (see Ghaptei 
^Tr HeLe he arrived at the conclusion that assiinila ion 
m-operis the characteristic office of chlorophyll granules sole j 
on account of their pigment, which tempers the light reachwg 
them. According to him, the pigment, by its absorption ol ti c 
so-called chemical rays, serves as a regulator!/ scieen 
erning the amount of ligdit, and so controlling the auioimt ot 

resoiratioii and assirailation proper. . foPow- 

le early history of assiimlatioii. Tbe .toiiow 

le works of early experimenters upon the 
•e show the manner in 
first attacked, 
that air in which candles 
and which is irrespirable, can lie restored to 

iiice in it, for a time, of ^1^“ 
^iveii in his own words i 

. r.. plants 

, think, that 

’ ■ red air that had 

possible that the same 


IS of green leaves to the atmospher 
he problem of assimilation ^was 
Priestley^ discovered in 1771^ 
longer burn. 

rinal condition by the prese 
)lants. The account below is 

Lciiin^- that candles would burn very well in air iiv w 
)wn‘“a long time, and having had some reason U 
as sometliing attending vegetation winch vestoie.. . 
niired bv respiration, I thought it was i 


and Observations on Bilferent Kinds of Air (3d euition, 

■ ■ - the behavior of leaves 

■een leaves are immersed in water and 
on their surface. Ilonriet 
rater and this swelled into 
He was confirmed in this 
g”eeii leaves ex- 
air (Recherches snr Fusage 
the state of chemical 
rches, his error is in no wise siirprisinp 
wMch Bonnet took to he air are nearly 
1. But from water 

me acid essential to assimilation has been 


it Bonnet puhlislied his observations upon 
It is well known that when 
sunlight for a time, hubbies of air appear ( 
at tlio leaves drew common air from the w 
s bubbles under the heat of the sun. 

1 aseertaiiiing that bubbles did not Wear on gr^e 
ater wliicii has been boiled to expel the ^ 
dans les Plantes, p. 26). If we consider_ 

-he time of Bonnet’s resear 
known that the hubbies ’ ^ 

n which escapes as a by-product ^f assmd^ion. 
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process might also restore the air that had been injured by the burning 
of candles. 

“ Accordingly on the 17th of August, 1771, 1 put a sprig of mint into 
a quantity of air, in which a wax candle had burned out, and found 
that, on the 27th of the same month, another candle burned perfectly 
well in it. This experiment I repeated, without the least variation in 
the event, not less than eight or ten times in the remainder of the 
siunmer.^ 

“ Several times I divided the quantity of air in which the candle 
had burned out, into two parts, and putting the plant into one of them, 
left the other in the same exposure, contained also in a glass vessel 
immersed in water, but without any plant; and never failed to find 
that a candle would burn in the former, but not in the latter. I gen- 
erally found that five or six days were sufficient to restore this air, when 
the plant was in its vigour; whereas I have kept this kind of air in glass 
vessels immersed in water many months without being able to perceive 
that the least alteration had been made in it.” 


858. Ingenhouszi in 1779 showed that light is necessary to 
assimilation. He proved experimentally that the purification 
of air does not go on in darkness, but that light is essential. 
His statements are here given : • — 

“ Plants not only have a faculty to correct bad air in six or ten days, 
by growing in it, as the experiments of Dr. Priestley indicate, but they 
perform this important office in a complete manner in a few hours. 
This wonderful operation is by no means owing to the vegetation of 
the plant, but to the influence of the light of the sun upon the plant. 
. , . This operation of plants diminishes towards the close of the day, 
and ceases entirely at sunset, except in a few plants which continue 
this duty somewhat longer than others. This office is not performed 
by the whole plant, but only by the leaves and the green stalks that 
support them. Acrid, ill-scented, and even the most poisonous plants 
perform this office in common with the mildest and the most salutary,” ^ 


^ Priestley thought tliat this efieet upon the air is due to the growth oi the 
plant, an idea which will he shown in Chapter XII. to he wholly erroneous. On 
I)ages 50 and 52 of the volume quoted above are the following statements : 
** One might have imagined that since common air is necessary to vegetable, as 
well as to animal life, both plants and animals had affected it in the same man- 
ner ; and I own I had that expectation when I first put a sprig of mint into a 
glass jar standing inverted in a vessel of water : hut when it had continued 
growing there for some months I found that the air would neither extinguish a 
candle nor was it at all inconvenient to a mouse which I put into it. . . . This 
restoration of the air, I found, depended upon the vegetating state oi th.% plant ; 
for though I kept a great number of the fresh leaves of mint in a small quan- 
tity of air in which candles had burned out, and changed them frequently, for 
a long space of time, I could perceive no melioration in the state of the air.” 

- Exj)eriments upon Vegetahles, discovering their great Power of purifying 
the Common Air in the Sun-shine, 1779, p. xxxiii. 


325 



housz (as given in his “ Nutrition of Plants and it 
some that the priority of the above discovery belongs rightfully to the I 
It is to be remembered that at the date at which both of these expemne 
were working, chemists were just bepnning to acquire through the st 
of Lavoisier, clear notions in regard to the important part which o. 
plays, and that in the early part of this transition period an obscure n< 
Ltare renders it difficult to apportion to each of these observers his i 

share: of credit. , . -ioa4 

2 Recliercbes cMmiques snr la vegetation, 1804. 

Some of the relations of light to the process of *1“ 

acid by green parts of plants were first indicated by Danlmny, and^fu ^ 
amined by Draper. The subsequent history of assimilation, to whicl > 
Pfeffer, Engelmann, and many others have contributed, has been refer 
in the text end in citations in the notes. , 

a Atteutiou may aLUtln be called to the various expressions emplo; 
designate the compound.s in the plant which resemble albumin, mid 
Lvc been collectiv^ temed albuminoids. Authors have made a uisti 
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been seen on page 197) there is always intermingled an ineon- 
stant amount of carbohydrates, or proper food-materials, etc. 
At different stages in the life of a cell its protoplasmic matters 
may pass through considerable changes of form and striictnre, 
as indicated in an examination of a ripening seed ; but under all 
these varying conditions nitrogen in combination is never absent 
from tlie living substance of the plant. 

808. For the formation of new protoplasmic matters in the 
plant, sup})lies of nitrogen in an available form must be fur- 
nished ; for healthful growth, these supplies most be adequate 
in amount. 

8r>9. Dissolved albuminous matters of various kinds are met 
with in tlie sap of some cells. This in many cases appears to 
be, as will be shown later, a form in which their transport from 
one part of the plant to another is secured. A small number of 
these albuminous substances have been shown to be ferments^ 
which play a very important part in the nutrition of the plant. 

8(10. Although by far the greater part of the combined nitro- 
gen of the plant exists in one or more of the combinations men- 
tioned in Chapter XI., there is often to be detected a small and 
variable amount as a nitrate^ (generally potassic), and even as 
a salt of ammonia. 


between certain gi’oups of these bodies as they are represented in tlie animal 
kingdom, dividing them into (1) albuminous matters and (2) their derivatives 
or allmminoids (see Goriip-Besanez, Lehrbueh der Cheniie, iii., 1874, p. 115). 
Although the latter term, without the restriction here noted, is in comirioii 
use iu vegetable physiology to designate these bodies, an objection can justly 
be urged agai list its empioyiiient, on account of the inore common use in 
botany of the word albumen with an -entirely different sigiiifieatioii (see Volume 
I. p. 14). 

In 1888 Mulder publisbed the theory that all these bodies nrf* ])ractically 
derivatives from one substance, termed by him proteine (from Trpcorevo)^ to ]»o 
first) ; but it was soon shown that this theory was erroneous, and it has been 
generally abandoned. The term introduced by Mulder to designate the hypo- 
thetical compound common to all these bodies has, hotvever, betm since em- 
ployed to conveniently denote the whole class. In using the convenient term 
protein bodies, of proteids, to designate the members of this group, it must not 
be understood that the abandoned theory of Mulder is taken into account at ail. 

^ For the detection of nitrates the following test may be emploved: To a 
drop of the sap under examination add a drop of a solution of brudne, mix, 
and then add a lew drops of concentrated sulphuric acid, when, if a nitrate is 
present, a red color will appear. Sprengei’s reaction may also he iised : One 
part of phenol is dissolved in four parts of concentrated sulphuric acid, and two 
parts of water are added. If a drop of this solution is added to a solid nitrate, 
a reddish color is produced. On adding strong ammonia, the color turns green 
and afterwards yellow. 



861. Tliere can Tbe found in a large numoer oi inaiito 

amount of certain matters termed alkaloids, wMch contain 
nite percentage of nitrogen. Such are morphia in the 
quinia in Peruvian bark, caffeine in coffee, etc. (see 961, 
862 In most analj’ses the combined nitrogen of the ] 
usually rendered as “albuminoid.” The percentages ii 
cases are here given : ^ — 

B,ed clover, full blossom M 

iSiigar beets 

Carrot root • • * V’ * * * 

Carrot leaves 

Cabbage . • • 

Winter wiieat 

Beans (field) 

Apples 

Of these amounts about 16 per cent may be roughly ef 
as the content of nitrogen. Therefore in snch a cast 
carrot root above mentioned, the total amount ot uiti 
really very small (0.24 per cent) ; but the presence ol tl 
percentage is absolutely essential to the life as well a 
health of the plant. 

863. Reserving for a later chapter all consideratioi 
numerous chemical transformations which nitrogenous 
may undergo in the plant, it is necepary to ask now, (1, 
call the plant obtain adequate supplies of available nitro 
(2) how can the plant appropriate, or, to use an equiva ( 
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above subject were made by Boussingault in 1837/ who em- 
ployed the following method : In calcined soil, supplied with dis- 
tilled water, and having free access of air, clover was cultivated 
for two and for three months, and at the end of that time it was 
found that there was a very slight gain in nitrogen over the 
amount which had been present in the seed sown. In two- 
parallel experiments with wheat no gain was observed. One 
year later, peas, clover, and oats were experimented on ; both 
the peas and clover gained a little nitrogen, but there was no 
gain whatever in the case of the oats. Boussingault’ s conclu- 
sions from this series have been stated as follows : Under several 
conditions certain plants seemed adapted to take up the nitrogen 
in the atmos[)here, but it is still a question under what circum- 
stances and in what state the nitrogen is fixed in the plants. 

8G6. It was not, however, until 1851 that the subject received 
any further attention from Boussingault. In that and the two 
subsequent years his experiments were conducted with certain 
precautions, by which the plants Tvere confined in limited vol- 
umes of air ; and in no case was an unequivocal gain in nitrogen 
to be detected. In 1854 he placed plants in a suitable recep- 
tacle where they could be supplied with a current of air washed 
to free it from all traces of combined nitrogen. The atmosphere 
within the receptacle was furnished with from two to thr^je 
percent of carbonic acid. In ail of the experiments, part of 
which were upon leguminous plants, there was a slight loss of 
nitrogen. 

8G7. During the progress of the experiments now alluded to 
others were conducted in the following manner: Plants were 
placed in a case from which nearly all dust could be excluded, 
but which would allow of a free circulation of the external air 
and under these circumstances there was the very slight gain in 
nitrogen equal to about one twelfth of that contained in the seed 
sown. Boussingault attributed this almost inappreciable gain 

f^iiestley ; Experiments and Observations on Different Kinds of Airs, iii., 

im, ■ ■ . . ■ 

Saiissure : Kecberches chimiques sur la vegetation, 1804, p, 205. In this 
will be fennel a short account of the results of the previous observers and also, 
of Saussure’s own conclusions, which are, — that plants do not appropriate any 
appreciable amount of nitrogen furnished to them as it exists in the atmosphere 
in the fu-e state. 

^ For a short but excellent abstract in English of Bonssingaulf s researches, 
referred to in the text, the student may consult Philosophical Transactions of 
the Pioyal Society for 1861, p. 447. The original communications are in 
Amiales de Chimie et de Physique, ser. 2, tomes ixvii. and Ixix., 1838, 
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to the ammoma in the atmosphere, and also to organic matters 
in small amount which ma}" have entered the case in the form of 
%^ery fine dust ; but, taking into consideration all the conditions 
of the experiment, he was not inclined to the belief that any 
nitrogen had been received bj^ the plants from the free nitrogen 
of the atmosphere. 

868. In 1855 and 1858 the same chemist experimented upon 
certain plants which were supplied with a known amount of com- 
bined nitrogen in some available form. The results of his ex- 
periments have been formulated as follows : (1) There was no 
appropriation of free nitrogen; (2) There was a slight loss of 
the nitrogen wdiich had been supplied to the plant; (3) The 
amount of assimilation of carbon bore a close relation to the 
amount of nitrogen taken up b}'^ the plant. 

869. From 1849 to 1854 Georges Ville, of Paris, conducted 
experiments which were interpreted as showing that plants can 
take from the nitrogen of the atmosphere a certain part of that 
which they require. In the autumn of 1854 he carried on a 
series of researches at the Jardin des Plantes, under the super- 
vision of a committee appointed by the French Academy. To- 
wards the close of the work an element of error crept into it 
which could not then be eliminated ; but as to the result of 
the investigation the committee reported,^ — -that the experi- 
ment made at the Museum dTIistoire Naturelle by M. Ville 
is consistent with the conclusions which he has drawn from 
Ms previous labors. 

870. In 1861 Lawes, Gilbert, and Pugh,^ of England, pub- 


^ The report hy Chevreiil will be found in Couiptes liendus, xli. p. 757. 
Results so directly in conflict as those of the two experimenters refen’ed to in 
the text led others to investigate this subject, and in 1857-1859 an exhaustive 
series of investigations was carried on at Rothainsted, England, by Lawes, 
Gilbert, and Pngh. ^ ^ ^ ^ ^ 

Mmie, in 1851, concluded from his experiments that plants do not appro- 
priate the free nitrogen of the air. 

Roy interpreted the results of his own experiments as showing that free 
nitrogen dissolved in water can be taken up hy plants. 

Luca (1856) suggested that the air surrounding plants may be ozonized, and 
thus the nitrogen in it converted into nitric acid and made available for the 
plants. 

Karting (1855) concluded that the free nitrogen of the ah* is not proved to 
serve directly for the niitrition of the plant. 

2 Philosophical Transactions, 1861, p, 431. For an excellent description 
and drawing of the complicated apparatus employed in this capital invastiga- 
tion the student may consult Johnson’s “How Crops Feed,” p. 30. 
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lisbed the results of a series of experiments upon the subject of 
bo appropriation of nitrogen by plants. These experiments were 
lesni ed to settle the disputed question. Every conceivable pre- 
cautk.n was taken to avoid any error, and the plants were grown 
under conditions as little unlike their ordinary surroundings as 
„os^ible Under these conditions to insure healthy growth, toey 
wore doi .rived of all access to nitrogen except as it existed in 
the free state in the atmosphere or dissolved in the water siip- 
u!ie(l to them. It was found that no plants appeared to make 
use of the free nitrogen of the atmosphere or ot the nitrogen 
dissolved in water supplied to their roots. But in certain cases, 
esueeiallv of leguminous plants cultivated in the open air, there 
is an apparent gain in the amount of nitrogenous products in 
llie plant over and above that which is directly attributable to 
the eombined nitrogen furnished to it.^ 


1 Till- I'ul lowing extracts from the paper by Lawes, Gilbert, and Piigli will 
envoy a clear idea of the cautious manner in which their important results 

“ The rcsnlts obtained with Gi-aminacea; ill 18.5S . . . point without excep- 
tion to the fact that under the circumstances of growth to which the plants were 
subiected, no assimilation of free nitrogen has taken place. Ihe regular pro- 
cess of cell-Ibnaation has gone on ; carbonic acid has been decomposed, and 
carbon and the elements of water have been transformed into cellulose ; the 
i.lants have drawn the iiitrogenons compounds from the older cells to perl onn 
the mvsterious office of the foiniation of new cells ; those parts have been de- 
veioppil which reiruired the smallest amount of nitrogen, and all the stages ot 
growth have been passed through to the formation of glumes, pales, and awns 
for the seed. In fact, the plants have performed all the functions that it is 
pos-ible for a plant to perform when deprived of a sufficient supply of com- 
bined nitrogen. They have gone on thus increasing their organic constituents 
with one constant jniiomit of combined nitrogen until the percentage ot that 
eliMneut in the vegidable matter is far below the ordinary amount ot it, — that 
is, until the composition indicates that further development had ceased for 
want of a supply of available nitrogem Throughout all these phases, wator 
saturati‘<l with free nitrogen has been passing through the plant ; nitrogen dis- 
Bolvrd in the liuid of the cells has constantly been in the most intimate contact 
with the contents of the cells and with the cell- walls’ (i). 52S). 

Of leguminous plants the investigators say, “In those cases in which we 
have succeeded in getting leguminous plants to grow pretty healthily for a 
considerahle length of time, the results, so far as they go, confirm those ob- 
tained with Chmiiinacefe; not showing in their case, any more than with the 
latter, an assimilation of free nitrogen ” (p. 526), 

Furtlier, they say, “ From the results of various investigations, as well as 
from other considerations, we think it may be eoncliided that under the cii- 
curnstances of our experiments, on the (question of the assimilation of free 
nitrogen hy plants, there would not be any supply to thein of an iinaceounted 
quantity of combined nitrogen due either to the formation of oxygen com- 
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pounds of it under the infiuenee of ozone, or to that of ammonia under the 
mtiuence of naseeiit hydrogen ’’ (p. 540). 

But, as shown by Lfivves, Gilbert, and Pugh, as well as by many otlier ex- 
perimenters, leguiniiioiis crops appropriate from some source considerably more 
nitrogen than do grasses ; {’or instance, under apj)arently similar circumstances 
of supply of combined niirogeii. 

For an excellent trea,tmcnt of tlie whole matter of appropriation of nitrogen, 
the student should consultmenioirs by Atwater, “On the Acquisition of Atmo.s- 
pheric Nitrogen by Plants” (American Cbmi. Joiirn,, vol. vi., 1S85, no. 6). 

1 The following figures serve simply to indicate the wide range in results 
obtained by different observers who have investigated the amount of ammonia 
in the atmosphere. The data are from Proceedings of Am. Assoc, for Ad- 
vaiicement of Science, 1857, p. 152. 

_ Amount of ammonia in omunillion 

Observer. Station. cubic meters atmosphere. 

Fresenius , . Wiesbaden (during the day) .. . . . ' 127.27 gr. 

“ , (at night) , . , . . . . 219.47 “ 

Kemp . . Ireland ......... , . 4423.00 “ 

; Yille Paris; . . . . ■27.39 '* , 

. Horsford .. Bosto.ii (in July) ■ . ... -A . . 640.70 " 


871. lifcrogeii' coiiipoiiiicls in the atmosphere. ■ The atmosphere' 
contains minute amounts ^ of combined nitrogen in the form of 
ammonia, nitric acid, and nitrons acid. The ammonia is be- 
lieved to exist (except where from local causes there is an escape 
of free ammonia from some source) combined with either carbonic 
or. .nitric ac*id. . 

872. Nitrogen in rain-water. The niti'ogen compounds are 

more or less perfectly removable from the air by rain, and in 
solution can be made available to plants through the soil. It 
is now necessary to examine the results of analyses of rain- 
water in order to ascertain ■ the amount of ■ nitrogeu contained 
ill it. . ■• 

The following data are ■ taken from the careful . experiments 
at Eothamsted, under the direction of Lawes, Gilbert, and War- 
ington. The nitrogen existing as nitric acid and ammonia in 
the rainfiill of one year is not far from 3.3 pounds per acre. The 
proportion of this calculated as ammonia is between 2.3 and 2.6 
pounds per acre, the residue being given as nitric acid. Be- 
sides the foregoing substances, there is also a small amount of 
nitrogenous organic matter in the air which ap[)ears in the 
analyses of rain-water, and amounts, according to Fraiikland, to 
.19 parts per million parts of water. Taking a somewhat lowev 
estimate than this, Laives, Gilbert, and Warington give the 
quantity of nitrogen in the form of organic matter annually 
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monia or nitric acia irom me air. lar miy lium >ue 
atmosphere to the plant itself is concerned, there is very little 
direct experimental evidence on the point, but such as is avail- 
able would lead to the conclusion that its amount is practically 
immaterial. As to the amount of gain by absorption by the 
soil, there is unfortunately no direct or satisfactory evidence 
at command. From such evidence as does exist, we are 
disposed to conclude that with some soils the amount will 
probably be greater and with others less than that supplied by 
the rainfall.’’ ^ 

873. Direct absorption of ammonia by leaves. Under certain 
circumstances ammonia can be absorbed directly b}’ leaves. This 
will be further adverted to under ‘‘Appropriation of Organic 
Matters.” 

874. How the nitrogen compounds of the atmosphere are formed* 
It is a familiar fact that under certain circumstances the free nitro- 
gen of the atmosphere can be made to unite with oxygen for the 
production of nitric acid ; for instance, by the passage of a spark 
of electricity through a confined atmosphere a small amount of 
combined nitric acid may be formed. The bearing of this fact 
upon the existence of nitrogen compounds in the atmosphere is 
very obvious. Schloesing,^ in an interesting study of the nitro- 
gen compounds of the air and soil, attributes to the atmosphere 
a very important office in forming and distributing nitrogen com- 
pounds. According to him, the nitric acid contained in rain- 
waters on escaping from the soil, where it is only lightly held, 
finds its way to the sea, where under various agencies (notably 
that of vegetable organisms of the lowest grade) it becomes, 
sooner or later, changed into ammpnia. This readily escapes 
into the air, and is carried in the atmospheric currents to all 
parts of the world, becoming thereby available to land plants. 


^ Journal Royal Agricultural Society, vol. six., part 2, 1883. 

® Comptes Reiidus, tome Ixsxi., 1875. The same idea has been more or less 
treated by others. 
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875. Available nitrogeB in the soil. When animal matters neli 
in nitrogen undergo rapid putrefaction, ^ they give rise to numer- 
ous confpounds, prominent among which are those of ammonia. 
Under cUain conditions, notably the presence (1) of tree oxy- 
gen in large amount, or (2) of an alkali, or an alkaline farhonaU, 
such animal matters are also slowly broken up, and mtia^s 
formed. The process by which various comiwunds of uitio,,cii 
«,rp converted into nitrates is termed nitrification. 

876 Vegetable matters which contain nitrogenous substance 
in the usual amount may likewise undergo decomposition , but 
ling to the presence in such matters of a large pi.por ion of 
carbfhvdrates,^for instance the cellulose of the cell-walls, the 
nrocess of decomposition is more complex than m animal matteis 
and Its iwolcts Lore diverse. Some of the P-ducts are proba- 
blv identical with those formed from the decomposition . 

“ „ t ongiu ; n.mely, 

comoomds wMeli nre iieu'ly or <l»ite insoluble nnd b.oc >ec 
tliongM *o be inert.* But eiperiinenB liiive shorn “ 
“Sn conditions these less sr.iln ble compo.nds of ...tiegc n 

student is referred to the third vo un ^ treated It is enough now to 

iTtL !"nS due to the presence and activity of 

cellont ^onnt of tins mos Versuchs-Statioi.on. 

^ 1 ” ^ 1 . Kitro^fen in organic 

Ammonia. I combination. 


r— j 

Ammonia. 

Source of tlie Soil. I 

per cent. 

Ihs. per acre. 

Liebfraiieiiberg (light garden soil) 
Beelielbronn (wheat-field clay) 

Argentan (rich pasture) _ 

Bio Cupari, S. A. (rich leaf-moultt) 

0.0020 
0.0009 ! 

0.0060 
0.0525 

100 

45 

300 

2,875 


4 Experiments by sought in the 

terpretod in any other -naj. 0 _ of veoetahle matter in hns ad- 
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in tlie soil can be turned to a very important account by tlie 
plant. 

877. Nitrogen used by wild and cnItiTated plants. From the 
sources described, wild plaiits obtain a sufficient supply of 
available nitrogen. In some localities, notably in portions of 
the tropics and along the rich ailiivial deposits of rivers, tiie 
stores of available nitrogen are so abundant that all vegetation 
fiourishes with great vigor, and even cultivated plants, which ap- 
pear to be more exacting than wild plants in their demands for 
nitrogen, can obtain an adequate supply. Further, it has been 
abiindandy shown by the long-continued experiments at Eotham- 
sted, that the same soil, nnenriched by additions of manures, can 
yield even after twenty-five years enoiigii nitrogen for the needs 
of fair or moderate crops. 

rS7.S. In the ordinary cultivation of plants it is profitable 
to augment in some way the supply of nitrogen in most soils. 
Under some circumstances this aiiginentatlon can be accoin- 
plislicd to a certain extent by mere tillage or by the exposure 
of fresh portions of soil to the action of the atmosphere. But 
it ib usually effected by the employment of natural or artificial 
manures. The former consist of the excremeotitioiis matters 
of animals or of the waste products from plants. These ex- 
ci’ementltious matters represent a large part of what the ani- 
mals have consumed, and must have come either directly 
or indirectly from the vegetable kingdom ; hence they only re- 
store to the soil that which plants had at some time removed 
th(-refrom. 

In the preparation of artificial fertilizers an effort is made to 
provide for the plant the mineral and nitrogenous matters which 
it rc{|uires. A large proportion of these fertilizers are composed 


ihrou^^lumt, iiiid can leave no doubt that, under the conditions of bis trials^ 

tbeivMvas pimdieally no utilization of the soil nitrogen hy the plants. 

On the other hand, expeiiments by Wolff (Cbemisch.-Pharmaceut. Gentral- 
Blutt, 1852, p. 657), Johnson (Peat and its Uses, 1866, p. 79), and Storer 
sliow that nnder certain conditions the plant can avail itself of the nitrogen 
organically combined in the soil. The works of the above authors, which are 
only a fcw’ of those bearing on this important matter, will place the student in 
possession of the methods of experimenting. 

Store!’’s interesting communication in the Bulletin of the Bussey Institu- 
tioti (voL i, 1874, p. 262), On the Importance as Plant-food of the Nitrogen 
in Vegetable Mould,” gives not only an account of his experiments but also 
a forcilde presentation of the principal arguments in favor of the belief that 
the *Gs()il-nitrogen ” (that is, the nitrogen in vegetable mould) is by no means 
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of a certain amount of available calcic pnospnare 

It Af notassa and some available nitrogenous matter. 

^ Tt bas^been shown (p. 248) that some plants require more of 
^ 1 1 Af food than others ; and hence the attempt has been 

X.fie .“4- •'*-> ‘ 

“"iir'mSmid und «>« 

^ 1 1 nv fiiAt Tilants can derive all the conabuied nitro- 

to-e shown b.t^ 

gen neec ec oi ■ shown that there are striking difter- 

But .t ^ j.,nnB posse*, for W~th« 

tne capao ^ ^ common agricul- 

this respect. 

■■'•7 : — ^ compounds, such as as- 
liave been employed in experiments 
but most' of the results possess little interest. It 
rcr-cral, that the so-called alkaloids (which con- 
ciTnnot be utilized even by the very plan s roi 

in the plant. A distinc- 
1 or first-formed albumi- 
3 which have undergone 
for instance the changes 
held respecting the place 
in matters occurs in the 


ences in . . 

nitrogen from these compounds 
tiiral plants there are some differences in 

880. A large number of nitrogen 

paragin, urea, albumin, etc., I 

upon pi 

may be said, in gener 

tain nitrogen) c 

which they were made 

881. Synthesis of al 
tion is made between 
nous substances in th 
chemical changes ^in t 
in germination. Two 
where the formation 
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Pliosplioric acid. 


soluble' 


Tobacco manure 
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Potato 


of the available Thtrogeii 


Agdculmna Experiment 

account of the Hbliography of this eubiect the Binder 

Pflamzenphysiologie, 1., 188b p. 
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higher plants ; namely, (1) that in favor of the chlorophyll cells, 
(2) that in favor of the conductive tissues of the petiole and 
stem. So far as analogy drawn from the lower plants is con- 
cerned, one of these views is as tenable as the other ; for while 
in a simple alga all the formation of new protein matters must 
go on in a cell where there is chlorophyll or its equivalent, in 
the case of a fungus, nourished as in the experiments of Pasteur 
upon a simple ternary body and a nitrate, the process must of 
necessity take place in cells where no chlorophyll is present. 

882. Exact observations upon the subject of the formation of 
albuminous matters in the plant are not abundant. Reference will 
be made here chiefly to those by Emmerling, who carried on an 
extended series of investigations with Vicia Faba. He examined 
all parts of the plant with respect to the inorganic nitrogen com- 
pounds furnished, and then sought for the protein compounds 
resulting therefrom. His results are interpreted as showing that 
the nitric acid which is absorbed from the soil, and can be detected 
in ail parts of the roots and stems, disappears very rapidly in 
the leaves and all parts which are actively growing, so that there 
is found only a mere trace in them. According to him, it is in 
green leaves that the transformation of nitrogenous matters takes 
place. The first product of this transformation is not at present 
certainly known ; but there is good reason to regard it as a mem- 
ber of the group of carbamides,i Those parts of the plant which 
ai'e rapidly growing are much richer in amides than the older 
and more fully developed portions. This fact is shown by 
Kellner ^ to be true of pasture grass, in which the amides are 
more abundant in the young than in the old parts. 


APPROPEIATIOK OF SULPHUR. 

883. The amount of sulphur which exists as an essential part 
of the albuminous matters of the plant is quite small, being not 
far from one per cent.® 

884. As already shown (681), sulphur is taken into the 
plant in the form of sulphates, chiefly calcic. The calcic sul- 
phate ^ is probably decomposed by the oxalic acid produced by 
the plant, and thus an insoluble calcic oxalate is formed ; then 


^ Vemuchs-Stationen, xxiv., 1880, p. 118. 

2 Centralbl. f. Agric.-Chem., 1879, p. 271. 

3 Ranging, according to Rbermayer, from .4 to 1.8 per cent (Pbysiologische 

Cbemie der Pflanzen, 1882, p. 610). 

* Hokner: Flora, 1867. 
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by a process of reduction the sulphur is set free to unite with the 
albuHiiiious matters already described. .. 

The abundant occurrence, in conducting tissues of stems and 
petioles, of calcic oxalate resulting from the changes described' has 
been held to indicate the probable seat of albuminous .synthesis,^. 

885. The general statements which. have now been made re- 
specting the appropriation of carbon, nitrogen, and sulphur hold 
good for all ordinary land and', water plants. There are. a few 
plants, however, concerning which they- must be somewhat modi- 
fied, and these are ' here for convenience treated of together ; 
as humus-plants, parasites, insectivorous plants, and epiphytes. 
It must be remembered that in all these apparently exceptional 
cases the mechanism of nutrition is not radically different from 
that which .other , plants possess at some period of their lives 
or in some sHght . degree. 
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886. Humiis-plaiits/ or Saprophytes* ■. Among the higher plants 
there are some (for example, Epipogium®) which derive all their 


^ Sachs: Text-book, 2d Eng. ed., 1882, p. 711 . 

2 As a matter chiefly of historical interest, the '‘humus theory” must be 
referred to. As stated in the words of Liebig, its author, it is briefly as 
follows : — . . . 

“Woody fibre in. a state of decay is. the substance called humus-'* . , 
Humus acts in the same manner in a soil permeable to air as the air itself j it 
is a continued source of carbonic acid, which it emits very slowly. An atmos- 
phere of carbonic acid, formed at the expense of the oxygen of the air, sur- 
rounds every particle of decaying humus. The cultivation of land by tilling 
and loosening the soil, causes a free and unobstructed access of air. An atmos- 
phere of carbonic acid is therefore contained in every fertile soil, and is the 
first and most important food for the young plants which grow in it. . . . The 
roots perform the functions of the leaves from the first moment of their forma- 
tion : they extract from the soil their proper nutriment, namely, the cartenic 
acid generated by the humus. . . . "When a plant is quite matured, and when 
the organs, by which it obtains food from the atmosphere, are formed, the car- 
honic acid of the soil is no further required. . . . Humus does not nourish 
plants by being assimilated in its unaltered state, hut by presenting a slow 
and lasting source of carbonic acid, which is absorbed by the roots ” (Chem- 
istry in its Application to Agriculture, American edition, 1842, pp. 65 et seq). 

It has ]>een shown by the investigations referred to in the text that plants 
can be grown with vigor and carried to complete maturity without the supply 
of carbonic acid to the roots, and hence the “ humus theory ” is emptied of all 
its value ; but, as will be shown later, the decaying vegetable matter in soils 
has important functions. 

® Pfeifer’s Pflanzenphysiologie, L, 1881, p. 226. 
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nutiiment from the decaying or decayed remains of other plants ; 
while others, like Monotropa uniflora and the Orobaiichacese, ob- 
tain part of their food from living plants. Tme parasites obtain 
fcheir nourishment from living organisms, whereas humns-plants, 
or sapropliytes, live upon the structures of dead ones- From the 
decaying vegetable mould they procure all the ternary substances 
needed for their own fabric, and also the nitrogenous siibstaoees 
needed for their own protoplasmic matters. It is not known 
exactly how saprophytes turn to account the comparatively inert 
nitrogenous matters of vegetable mould, but the process is thought 
to depend upon the action of a solvent, unorganized ferment, 
somewhat similar to that which effects changes in the food within 
reach of the embryo of the seed. 

887. Parasites obtain a large part of their food from living 
organisms. In some cases they 
I appear to be able thus to procure 

^ all the food they require ; but most 
^ of them can be shown to elaborate, 

means of the small amount of 
chlorophyll which they possess, a 
small part of their food. The 
haustoria, by means of which they 
abstract fi’om other plants the as- 
"Sv similated matters, have been de- 
ll scribed in 351. After the parasite 
fairly fastened itself upon the 
^ \ host-plant, it acts with respect to 

J the tissues of the latter much as if 

a ^ it were an offshoot of the host. It 

jf ^ appropriates the assimilated matters 

" as they are needed, and consumes 

them in substantially the same way 
that an embry’o consumes the food stored in the endosperm.^ 

, 888. Insectivorous or carnivorous plants, as alread}’ explained 
in Volume I. page et seq.^ are those which are provided with 
some specialized apparatus for the utilization of animal matters. 


^ For an interesting account of the more striking effects produced upon the 
host-plant, the reader should consult Frank : Die Pfianzenkrankheiten, 1879, 
Tlie relations which exist between the ash-constituents of the parasite and 
Its host have been examined by E,emsGb. 

Fio. 152. CusciiTa, a parasite. Tbe coiled embryo and seedling are shown in the 
right-hand sketches ; in the other sketch, the adult plant, with its fiower-cl asters, at- 
tached to the living stem of another plant. 




DROSERA ROTUNDIROLIA. 

office of the prehensile and digestive appava- 
illustrated by the following examples ; — 
rttindifolia, or round-leaved sundew, grows 
lern peat-hogs and in sand mixed with vege- 
in the Old World and the New. The plant 
es, arranged in a flat tuft at the base of 
i-owed at their bases into hairy petioles, 
character of the leaves is the thick clothing 
- 1 tentacles or glands, ii'oni 
■hich exudes a drop of a clear viscid 
complicated ^ 

They contain aU the ^ 

it has been 
that they should be 
from the leaf 


The structure and 
tus are now to be 
889. Drosera i 
abundantly in nor 
table mould, both 
has a few (4 to 12) leav 
the flower-stalk, and narr 

The most striking c 

of peculiar hairs, otherwise known as 
the tip of each of wL 
lii^uid. These hairs aie 
in structure. ' „ 

histological elements proper to the 
leaf itself ; for this reason it h- - 
thought by some 

regarded as processes ^ 

rather than as hairs. The marginal 
tentacles are long, have purple stalks, 
and are terminated by elongated pur- 
ple glands ; those towards the middle 
of the leaf are shorter, have greenish 
stalks and ovoid glands. Each gland 
consists of a double la\ ei ot po } g,o 
nal cells which surround a central 
body composed of elongated cells 

o-wltv ia filltdwith an homogeneous purple fluid. 

S a fragment of animal matter, the motor impulse is comm i - 
nicated rapidly, and the marginal tentacles curve sharid> mcr 

low cup. Inoigamc ana s 

on by the secre ion fi do soluble organic substances, 

movement of the tenrac unon the 
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them. Darwin found that movement was caused by the contact 
of a particle weighing only .0008 milligram of a grain). 

When a tentacle has been excited by 
contact with a solid particle, there is seen, 

t after some hours, a remarkable change in 
its cells near the gland. “ Instead of be- 
ing filled with homogeneous purple fluid, 
they now contain variously shaped masses 
of purple matter suspended in a colorless or 
almost colorless fluid.’' ^ Tentacles which 
have been thus acted on by contact of par- 
ticles have a mottled appearance, and can 
be picked out with ease from all the others. 
The change of contents is termed by Darwin 
154 aggregation. “ The little masses of aggre- 

gated matter are of the most diversified 
shapes, often spherical or oval, sometimes much elongated, or 
quite irregular with thread or necklace-like or club-formed pro- 
jections. They consist of thick, apparently viscid matter, which 
in the exterior tentacles is of a purplish, and in the short discal 
tentacles of a greenish, color. These little masses incessantly 
change their forms and positions, being never at rest. . . . 

‘‘ Shortly after the purple fluid within the cells has become 
aggregated, the little masses float about in a colorless or almost 
colorless fluid ; and the layer of white granular protoplasm which 
flows along the walls can now be seen much more distinctly. 
The stream flows at an irregular rate, up one wall and down the 
opposite one, generally at a slower rate across the narrow ends 
of the elongated cells, and so round and round. But the current 
sometimes ceases. The movement is often in waves, and their 
crests sometimes stretch almost across the whole width of the 
cell and then sink down again. Small spheres of protoplasm, 
apparently quite free, are often driven by the current round the 
cells ; and filaments attached to the central masses are swayed 
to and fro, as if struggling to escape. Altogether, one of these 
cells, with the ever-changing central masses and with the layer 
of protoplasm flowing round the walls, presents a wonderful 
scene of vital activily.” ^ 


1 Darwin : Insectivorous Plants, 1875, p. 39. 

2 Darwin : Insectivorous Plants, pp. 40, 42. 

^ Fig. 154. Drosera rotuBdifolia. Leaf with, the tentacles on one side inflected over a 
hit of meat placed on the disc. (Uarwin.) 



DBOSBKA EOTTJNDIBOLIA. 


various nitrogenous organic 
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fluids and salts of ammonia ; the i 

»,“a Ttee %.«=» alow tto aatreme of tho 

^ ! ml nnd o-lands to slight external impressions. 

tentacles ai d louid^^^^^ ai^ excited either by the absorption of 

■f ons matter or by mechanical irritation, their secretion 

nitrogenous mattei } ” That it contains an 

increases in The secretion after 

unorganized ferment ac mi so albuminoids sub- 

excitation possesses the p _ ^ ^ „„:mais does. When an insect 
stantiallyas the ^.ioient struggles to escape 

alights upon theleat ot ® ^^^.ads of viscid matter 

only wind more closely ^out^'^^lm ,,, 
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albumtaons luutte™ ‘ the plant, 

possible with tbe speetrose \ digestion, being 

dried, ealetned, L™. gate tbe chsractorirtic 
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804. Bioiuiea miiscipula, or Yemis’s fly-trap, grows sparingly 
sandy soil near Wilmington, Norlli Carolina, and in one or 
70 other localities along the Carolina coast. Its leaf consists of 
lo rather distinct parts, — the two-valved trap at the extremity , 


165 

and a petiole-like support. It is probable that the support is not 
a true petiole, but a leaf-blade, while the trap is a special ap- 
pendage developed upon the tip of the leaf-blade. 

805. The spring-trap is made up of two sj^minetrical hah es 
meeting at a median hinge. The outer border ot each half is 


plate was divided into halves by a low wooden partition, one side being des- 
tined to be fed with meat, while the plants in the opposite half were to be 
starved. Tbe plates were placed altogether under a gauze case, so that the 
* starved’ plants might be prevented from obtaining food by the capture of 
insects. The method of feeding consisted m supplying each leaf (on the led 
sides of the six plates) with one or two small bits of roast meat, each 'weighing 
about one-hfticth of a grain. This operation was repeated every few days from 
the beginning of July to tbe first days of September, when the final comparison 
of the tv 7 o sets of plants was made (ISiature, xvii., 1878j !>• 223). 

Fig. 155. A plant of monaea muscipul a, reduced in size. ^ 

Fig, 166. Three of the leaves of almost the natural size j one of them open, the 
others closed. Probably a fly is never caught by the teeth as here represented. 
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fringed with stiff bristles so placed as to interlock when me map 
^ - ipper face of each half is somewhat convex when 

three delicate hairs which 
the plant to be in health 
the lightest touch upon one of 
the face of the trap will cause the valves to close 
; their edges in apposition. A light touch m 
that is, at the hinge, will produce the same 
acli consist of several rows of elon- 
‘cal filament resting on 
articulation to a rounded 
I the hairs to bend when 


the trap is open, and upon it there are 
are exceedingly sensitive, feupposing 
and imder favorable conditions, 
the hairs upon 
instantly, bringing 
the median line, 1 
effect. The sensitive hairs e; 
o-ated cells so arranged as to form a conic 
a constricted base and attached by an a. 
group of cells. This structure enables 1 
tlie trap is shut. 

896. The digestive appar 
short-stalked glands made up 
do not secrete any 
inateriais, when tlic} 
liquid, containing an nnor 
by the stomach of animals, if 
among the secretory gl— - 
-of eight divergent cells, 

in color. i 

897. From experiments by Darwin 

dry albuminous solids do not excite th 
if "moistened very slightly, they ■ call 
Moreover, if ■ the bit of meat oiv otl) 


of mionte 
>lybedral cells, 
;lted by the presence 
iiouslv’a colorless, gli 


-atus consists 
of a few po] 
fluid unless exc 
secrete cop 

•ganized ferment similar to that 
T not identical with it. 
lands are numerous compoimd ha 
which are generally orange 


valves will soon slowly close wiuioul 

toi l*, ,,la« in fc of llio eta* ">“>■ «“ ” 

o small insect is caagUl I'J tlm siirlnEnig 

it can escape after a time through the spaces leit 

m "it tic l»nlc. 1 W if ‘l>o I"*' » <■' 

its escape is impossible: the valves shut down more ai 
tio-btlv noon it, and digestion soon begins. _ 

“899 The opening of tlie valves after digestion takes 
timei according to the vigor 
of the prev. After a mere touch by whu-h the tm _ 
without anything in it, the valves will bU 

in a dav or even less. When the trap is closed bj a bit 
Sc open in frem three or four day. t» rnther » 

n week , when it closes over n large insect, they remain 
^ innoT^r time, even for a month. 
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900. Ganby’ states that he has known “vigorous leaves to 

deTOur their prey several times; but ordinarily twice, or quite 
often once, was enough to render them unserviceable.” Mrs. 
Treat ^ observes that “ several leaves caught successively three 
insects each, but most of them were not able to digest the third 
fly, but died in the attempt. Five leaves, however, digested 
each three flies and closed over the fourth, but died soon after 
the fourth capture. Many leaves did not digest even one large 
insect.” . . ^ ^ 

901. The following experiments by Darwm illiistrate the flow 

of the secretion: A bit of albumin xV of an inch square but 
only -gV ill thickness, and a piece of gelatin i inch long and - 3 !^ 
broad, were placed on a leaf which eight days afterwards was 
cut open. The surface was bathed with slightly adhesive acid 
secretion, and the glands were all in an aggregated condition. 
Not a vestige of the albumin or gelatin was left. Similarly 
sized pieces were placed, at the same time, on wet moss in the 
same pot, so as to be subjected to nearly similar conditions ; 
after eight days these were brown, decayed, and matted with 
fibres of mould, but had not disappeared.” *^ 

902. That the digested matters are absorbed by the leaf has 

been shown by the spectroscope, as in the case of Drosera ; but 
no experiments are yet on record as to the effect of this nutritive 
matter on the plant. , 

The character of the movement by which the trap is sprung is 

spoken of in the chapter on ‘‘ Movements.” ® 

903. Other insect-catching Broseracese. Drosera and Dionsea 
are members of the order Droseracem. Its four remaining 
genera have also the power of capturing insects. 

Aldromnda has been well called a miniature Dionma. Its 
bilobed leaves float in water (the plant being destitute of roots) . 
Each leaf is two-valved, something after the fashion of Dionsea, 
but eacli valve is made up of two parts. One, near the hinge 
in the median line, is provided with colorless glands ; the 
other, a sort of thin film outside, has no true glands. On 
the inner part there are some extremely delicate hairs whicli 


1 Cited by Darwin: Insectivorous Plants, 1875, p, 311. 

2 Insectivorous Plants, p. 302. 

3 Biirdoii Sanderson has investigated the electrical disturbance which takes 
place when the trap of Dionjea is sprung. For details and conclusions see riie 
following papers : Proceedings of the Royal Society, vol. xxi. p. 495, and bs- 
iure, X., 1874, pp. 105, 127. But similar electrical disturbances are exhibited 
when any fivsh vegetable structure is sharply bent. 
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have been shown to be sensitive, and on touching them the 
valves close. By this plant minute water-insects and crusta- 
ceans are captured (see Fig. 190). 

Drosophyllumy a rare plant found in Portugal, catches insects 
by a viscid secretion from minute mushroom-shaped glands. 
The tentaclCvS do not have the power of movement possessed 
by those of Drosera. Tiiat its glands can secrete a digestive 
fluid appears from Mr. Darwin’s experiments. 

Morukda, found at the Cape of Good Hope, and JByblis^ of 
western Australia, closely resemble the viscid-haired Droseraceea, 
which have been examined in a fresh state, and tliey have been 
added to the list of tlie insect-catching plants of the order. 

904. Fingiiiciila is so called from the greasy appearance pre- 
sented by the upper surface of its leaf, due to the existence of 
great numbers of disc-like glandular hairs with short stalks. 
The glandular character of the hairs is shown by the secretion 
which exudes from them even when they are not irritated. 

905. The secretion which flows when the leaves of Pinguicula 
are not excited by the presence of albuminous matter is neutral ; 
but upon excitation of the leaf it becomes acid, far more copious 
in amount, and has the power of digesting nitrogenous orgaiiie 
substances. At that time the clear contents of the cells of the 
glands also become aggregated, much as in the case of the cells 
in Drosera ; and this flict is adduced by Darwin as proof that the 
digested matters are absorbed. 

906. In about three iiours after an insect 

alights upon a leaf of Pinguicula the margin f \ 
begins to roll over it and envelop it, in the / ^ \ \ 

manner siiown by the accompanying figure. a A 

The following experiment by Darwin shows A J \ 

what takes place in tills ' incurving: “A young \ y/ I 

and almost upright leaf wuis selected with its ^ / I 

two lateral edges equally and very slightly in- ^ / | 

curved. A row of small flies was placed along T * / I 

When looked at next day, after ^ I 


one margin, 

fifteen hours, this margin but not the other was V \j| / 

found folded inwards, like the helix of the human 

ear, to, the breadth of one .tenth of an inch, so' mi 

as to lie 'partly over the row of flies.- The 

glands: on which the files rested, as well as .those on the over- 


Pia. 157. Pin,gmcula .vulgaris. Oiitiiue of leaf vpith its left .margin injected over a 
row. of smair flies. (Darwin.) 
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lapping margin which had been brought into contact with the 

flies, were all secreting copioiislj/’ ^ 

The incurvation lasts for only a day or two, after which the 
leaf assumes its former position : Iragnients of glass keep the mar- 
gins incurved for a shorter time than do nitrogenous bodies.^ 

907. Darwin suggests the two following advantages which 
the plant can derive from even this transient inrolling: (1) 
the captured food and the secretion are protected from rain, 
and (2) the food is brought into contact with a larger number 
of glands than if the leaf remained flat. 

908. It appears probable that the leaves of Pinguicula derive 
some nourishment from the seeds, etc., which may fall upon them, 
“We may therefore conclude that Pinguicula vulgaris, with its 
small roots, is not only supported to a large extent by the extraor- 
dinary number of insects which it habitually captures, but like- 
wise draws some nourishment from the pollen, leaves, and seeds 
of other plants wdiich often adhere to its leaves. It is therefore 
partly a vegetable as well as an animal feeder.”® 

909. Utricularia, a genus named from the utri cull or little 
bladders found on the dissected leaves of some of its species, 
belongs to the same natural order as Pinguicula. Its members 
capture minute aquatic animals by means of peculiar traps. 
Each bladder has at its mouth a few diverging hairs, while just 
within the oriflce there is a sort of trap-door, wdiich can be lifted 
by a slight touch and then falls by its own weight, covering the 
mouth and preventing egress. If a small aquatic animal passes 
through the entrance and pushes by the funnel-shaped trap-door, 
it is securely imprisoned. The interior of the bladders is lined 
more or less thicldy with peculiar glandular hairs not very unlike 
those intermingled with the glands of Drosera, and found also on 
the valves of Diouica. These are either bifid or quadrifid. 

910. According to Darwin these hairs have the power of ab- 
sorbing dissolved matters in a state of decay, but there is in 
them 110 true digestive capacity. If the plants can utilize ani- 
mal matter at Ml, it is only after it has become dissolved during 
the process of deca 3 ’'. 

911. GeHlisea, The plants belonging to the genus Geiilisea 
— a genus allied to Utricularia— have two kinds of leaves, ordi- 
naiy and bladder-bearing, and the bladders have something of 
the same arrangement at the orifice as has already been alluded 
to under Utricularia. ^ ^ 


^ Inseetivorous Plants, p. 371. 
2 Iiifsectiyoroiis Plants, p. 877. 


3 Insectivorous Plants, p. 390. 
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arracenia. All of the eight species of this genus tiave 
phjilodia, which form slender pitchers or urns. In the 
m species, S. purpurea, Hhe 
lerally so held that rain can / 

;ly into it ; in fact, the upright 

lansion would seem to insure 

; he lost. InS. flava, Drum- //# uf 

and rubra, the pitchers are / ^ W ijM 

irly vertical, and the lid at the / / \/ Jm 

f the tube so disposed when j HJ 

the leaf is young as to jj/ AfelliM]! 

shed for the most part /~~Tf ljl§ 

rain that falls thereon ; W Jl I W 

!« but in the older leaves W 
! liH the lid becomes some- 
! jljB what erect. Even in ; 

I' M the latter position a por- ■ 

I IB tionofthe rain that falls 
' Im leaves is car- li If 

■ ried off. In the re- _ _ ^ 

'III maining species, S. variolaris and psittacma, the 
m lid is a roof which keeps 

if the rain from entering the 

w m tube. In all the cases there 

■ is usually considerable water 

I in the pitchers ; in the last 

two species it probably all 

\ m comes from witliin as a se- 

cretion. 

913. Sarraceoia variolaris 

has been long known to at- 

tract insects to the leaves. 
Passing over the earlier im- 
% tiees referred to in th(>. Bih- 


■acter of tlie attraction 
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The cause which attracts flies is eyidentlj a viscid substance, 
resembling honey, secreted by or exuding frona the internal sur- 
face of the tube. From the margin where it commences, it does 
not extend lower than one fourth of an inch. The tailing of the 
insect as soon as it enters the tube is wholly attributable to the 
downward or inverted position of the hairs of the internal surface 
of the leaf. At tne bottom of the tube, split open, the hairs are 
plainly discernible, pointing downwards; as the eye ranges up- 
ward they gradually become shorter and attenuated, till at or 
just below the surface covered with the bait, they are no longer 
perceptible to the naked eye nor to the most delicate touch. It 
is here that the fly cannot take a hold sufficiently strong to sup- 
port itself, but falls.” 

914. The tissues of the internal surfaces of the pitchers have 
been classified by Hooker in the following manner : — 

“ (1) An attractive surface^ occupying the inner surface of 
the lid, which possesses stomata, and (in common with the 
mouth of the pitcher) minute honey-secreting glands ; it is, 
further, often more highly" colored than ai\y other part of the 
pitcher, in order to attract insects to the honey. 

“(2) A conducting surface^ which is opaque, formed of 
glassy cells, which are produced into deflexed, short, conical 
processes. These processes, overlapping like the tiles of a 
house, form a surface down which an insect slips, and afibrds 
no foothold to one attempting to crawl up again. 

“ (3) A glandular surface (seen in S. purpurea), which occu- 
pies a considerable portion of the cavity of the pitcher below the 
conducting surface. It is formed of a layer of epidermis with 
sinuous cells, and is studded with glands. Being smooth and 
polished, this, too, afibrds no foothold for escaping insects. 

(4) A detentive surface, which occupies the lower part of the 
pitcher, in some cases for nearly its whole length. It possesses 
no cuticle, and is studded with deflexed, rigid, glass-like, needle- 
formed hairs, which further converge towards the axis of the 
diminishing cavity ; so that an insect, if once amongst them, is. 
effectually detained, and its struggles have no other result than 
to wedge it lower and more firmly in the pitcher.” 

915. Mellichamp describes a line of saccharine liquid which 
leads up from the base of the leaf to its brim. This secretion 
comes from glands at the mouth of the pitcher ; but it is found 
only at certain periods. Led by this lure, insects are drawn 
towards the brim of the pitcher, and sooner or later they are 
caught in considerable numbers in the pitchers themselves. 
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The exact nature of the liquid in the pitchers i 
)od. Mellichamp’s observations seem to iiK 
ihe power of accelerating the decomposition 
Nothing is t'et known positively as to the 


This striking plant has /;'/ V\|> 

long been a favor- f 

ite ill the green- v 

) house on account 
of its peculiar 
leaves, which often combine 
a blade, a tendril, and a well- 
formed urn. The species of 
Nepenthes (about thirty in 
number) produce pitchers at 
the extremit}* of their tendril- 
like leaves. When the plants 
are young these pitchers are 


not possess sucn conspicu^ 

Just mentioned. All of tt 

1 It is interesting to observe, 
use of these pitchers. “ Moms 
tolerably rigidly fixed, _ as heing 
idea was adopted by Linnaeus, i 
who declared that in dry weather 

History of Caiolina. suH insects, from frog 

5; ;- tsslSsriSiSS;-,-. 


i some of the early conjectures a 
son speaks of the lid, which in 
g rnrmslM3d by Providence wit' 
and somewhat amplified by st 
the lid closed over the me 
Cateshy, in Ms fine work 
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thrown back, but in the others its overarching is a conspicuous 
feature. The mouth of the pitcher is strengthened by a thick 
rim, near which are very numerous glands secreting a sweet 
liquid. In the interior of the pitcher there is a conductive sur- 
face, somewhat like that seen in Sarracenia This extends for 
some distance down from the mouth, and is frequently crowned 
by a sort of funnel-like appendage of the rim. Below the con- 
ductive surface there is a secreting surface dotted with iiinu- 
merable glands. According to Hooker, from whose notice many 
of the facts here given are taken, there are three thousand of 
these glands in a square inch. 

The fill id which collects in the pitchers has been shown by 
Gorup-Besanez and Will to be neutral, or only very slightly acid 
in reaction, unless animal matter has been introduced. If, how- 
ever, any animal matter has been placed in the pitchers, the 
glands give forth an acid secretion, wdiich contains an active 
ferment that resembles pepsin and has the power of digesting 
albuminous substances. It is an interesting fact that the neutral 
secretion, although it has not the power of digesting albuminous 
matters, becomes efficient at once upon the addition of a small 
amount of acid (formic). During digestion the glands exhibit 
the same phenomena of aggregation as observed in Drosera. 

The absorption of animal matter by Nepenthes has been 
proved by the Lithium method. 

919. By the viscid or glandular hairs of a large number of 
plants insects are sometimes caught, but to what extent these 
hairs serve in digestion and absorption is not yet clear. From 
experiments by Darwin, it appears that in some cases at least 
they may aid tlie plant in absorbing ammonia compounds found 
in rain and in the atmosphere, and that the glands may also 
'‘obtain animal matter from the insects which are occasionally 
entangled by the viscid seeretioii.''^ One ease merits particular 
attention; namely, that of 

920. ©ipsacus, or Teasel* .Francis Darwin has called atten- 
tion to the extraordinary character of some of the hairs of this 
plant. The following abstract gives only the briefest outline 
of his intei'esting paper. 

The glandular hairs are multicellular and pear-shaped, being 
supported b}’ the small end on a cylindrical stalk, which rests on 
an epidermal cell. At the summit of the gland where several of 


1 Darwin ; Insectivorons Plants, p. 355. Tluj catcIiHy (Silene) slionld he 
exainiiHHl with referenee to this point. 




the radiating cells meet, threads of gelatinous matter can oe 
to protrude under certain circumstances. No apertures, how- 
ever, can he seen through which the filaments come, therefore 
it is thought that they extend directly through the cell-walls. 
They have been shown to consist of protoplasmic matter with 
which a certain amount of resinous substance is combined, ami 
at times they contract violently, become thicker, and at last 
form a smairball on the summit of the gland. _ The contraction 
can be produced by many chemical and physical agents, e. jr., 
ammonic carbonate. If a filament under ttie ™mroscope is 
treated with a drop of a 2 per cent solution of the carbonate , the. 
following changes occur: The filament eo»tracts but almost 
instantly recovers itself, and is once more protrndecl, t <hc. 
not liowever, reffaiii its original form or appearance; insU‘a(l m 
"bsS of tMn elongated ropes of a highly 
stance, it is converted into necklace 
resemble the aggregations found in t 
Beal has described somew 
It is not the province c: 
relationships which are pr 

tivorous plants. 

that Dionma 
isms for the capture 
and that -- 

verse, are very near _ 
in part by the theory presented in 

, . nrvT_ - ........ ^ 


e-like masses which strongly 

the true insectivorous plants 
fhat similar hairs on some thistles, 
of this volume to discuss the singula: 
^ resented by these groups of insec 
Attention must be directed, however, to the lac 
and Droserii, with their widely different mechan 
of insects, belong to the same natural family 
Pinguicola and Utricularia, wuth methods equally d: 

•ly allied plants. Such facts can be explaine 

^ . T til 


Theory of Descent, 


’oduce the student to some of the principal 


Sllis * “ be. Dioiuea inuscipulaf’ A letter to Sir Charles Lin- 

of the nietliod by which this fly-trap captures iiiajrts. 

“ Von (ler llmbarkeit dea aogenannten Sonnenthaues, Urosc-m 
lonrifolia” (Beititige zur Botanilc, Bremen, Th. 1, no. iv, pp. 
ouiiLf observations begun in 1779 on the irntabdity of the 
ew leaves, .showing that they respond to contact with in- 
) a pin or bit of straw. Both suggests that the plant may 
some nonrishment from the in.sects. (In Darwin s botanic 
. 24, it is stated that AYhately ha.1 made in England ohserva- 

thoseof Both.) , „ v, v » vw. 

am : “ Travels through North and South Carolina, etc. This 

short sketch of the capture of insects by Sarracenia. _ ^ 

iride ; “On the |)Ower of Sarracenia adunca to entrap insects 
^ the Unmean Society, xii., 1818, 48-52). - ^ 

..w rt. Oonrtei-lv Journal of Science, Literature, and Arts, 
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921. Epiplijtes^ or air-plants^ obtain their food-materials wholly 
without contact with the soil. It is supposed that the ash materials 


ii. 290, also gives an account of Sarraeenia, together with a description of its 
digestive powers, and compares its hollow leaf to an animal stomach. 

1834. Curtis, in the Journal of the Boston Society of Natural History, i., 
pp. 123-125, gives a description of the irritability of Dionsea, and of its mode of 
action. 

1848. Benjamin : “ ITeberden Bau und die Physiologie der Utricularien ” 
(Botanische Zeitung, vi., pp. 1 , 17, et seq,), 

1850. Cohn : “TJeber Aldiwanda vesiculosa ” (Flora, p. 673). 

1855. Grmnland ; Note siir les orgaues glanduleux des Drosera” (Ann. 
des Sc, uat. hot., ser. 4, tome hi. p. 297). 

1855. Trecul: “Organization des glandes pedicellees de la feiiille du 
Drosera rotundifolia ” (Arm. des. Sc. irnt. hot, s4r. 4, tome iii. p. 303). 

1859. Caspary : “Aldrovanda vesiculosa” ( Botanische Zeitung, xvii. 
P‘ 125), 

1860. Nitschkein Botanische Zeitung, xviii. p. 57, arid xix., 1861, p. 145, 
gives an excellent description of Drosera, and an account of simple but telling 
experiiiieiits upon the sensitiveness of the leaves. 

1860. Darwin began his experiments upon Drosera, not published ninth 
much later. 

1862. Botanische Zeitung of this year (p. 185) contains a second article on 
the subject of Aldi'ovanda by Caspary. 

1863. Scott : “On the Propagation and Irritability of Drosera” (Garden- 
ers’ Chronicle, p. 30). 

1868. Canby published an account of experiments on feeding Dionsea, in 
the Gardener’s Monthly, p. 229. 

1872. Ziegler: “Sur un fait physiologique observe sur des feuilles de 
Drosera” (Comptes Rendus, Ixxiv. p, 1227). 

1873. Treat : “ Observations on the Sun-dew ” (American Naturalist, vii. 
p. 705). In this paper Mrs. Treat describes experiments relative to feeding 
Drosera carried on in 1871. 

1873. A. AV. Bennett : “On the movements of the glands of Drosera” 
(British Association Reports, xliii. p. 123). 

1873. Stcdn : “Ueber die Reizharkeit der Blatter von Aldrovanda” (A^er- 
haiull ungen des hot. Vereins fiir die Prov. Brandenburg). 

1874. Burdon Sanderson : “ Venus’s Fly-Trap” (Nature, x. p. 105). 

1874. Asa Gray: “Insectivorous Plants” (Nation, xviii. pp. 216, 232). 

An account of the observations communicated by Darwin, and a short resume 
of the subject up to that date. 

1874. Mellichamp : “ Researches on the pitchers of Sarraeenia variolaris, 
and the way in which insects are caught in them ” (Nature, x. p. 253). 

1874. Hooker : Address before the British Association for the Advance- 
loent of Science, published in full in the Report for 1874. This address gives 
an exc(61ent account of the digestive powers of various carnivorous plants, 
especially Nepenthes. 

1875. J, W. Clark: “On the absorption of nutrient material by the 

leaves of some insectivorous plants.” This article gives the results of experi- 
ments on the absorptive capacity of Drosera and. P'ingUicula, conducted with 
the aid of the spectroscope. ’ 
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1875. Darwin: “ Insectivorous Plants.” A work of 462 iJages, more uian 
half of wHcli is devoted to Drosera. At the close of his exhaustive i iscussn^n 
of his experiments upon this plant, Mr. Darwin says : “ I lave 
brief recapitulation of the chief points observed by 

structure movements, constitution, and habits of Drosera rotundifoUa , and wo 
see how little has been made out in comparison with what remains unexplained. 

”"l87^””Keess and Will : “ Einige Beinerkungen hber fleischcssende Efian- 

ISTS. Gaiiby: ‘‘ Darliiigtonia Califoriviea ( Proceedings AmeiiLaii AbhO 

Cohn : “ Ueber die Function der Blasen von Aldtovaiida und 

TTfineiilaria” (Beitrage ziir Biologic der PlUiiizeii). c i 

1875-6. Morren published in the Bulletin of the Eoyal Academy of Bel- 
gium the results of experiments which may he interpreted as shoving tiiat 
4-1-10 iiliints derive 110 Benefit Ironi tlicii* insects. ^ t* - 

1875-6. Gorup-Besanez and Will P^bliMied some obscrvatioii^^^^^ 
a pepton-forming_ ferment in plants, in Sitzungsberichto del phy.sihdhs 
medicmisclies Societat zu Erlangen. A-La fonHfdpq of 

1876. Francis Darwin : “The process ot aggregation ^ . no wi 

Drosera rotundifolia " (Quarterly Journal of Microscopical Science, xv . 

1876. Sydney H. Vines: “On the digestive ferment of Nepenthes” 

(Journal of Anatomy and Physiology, xi. p. 124). formation et 

^ 1876 Faivre : ‘‘ Eecherches sur la structure, le mode de foiination, 

quelque's points relatifs aux fonctions des urnes chez lo Neiienthos (Comp 

“:“k!‘<‘Dteelektri^^^ 

der Dionsea nuiiScipula.” „ „ 

1877. Cramer : ‘‘ Ueber die insectenfressendeii 1 naiizeu. 

1877* Asclunan: ‘M^es plantesinsectivores/M^iixernburg. 

187?’ Pfeifer : “ Debev llcisc.'lifrossciide Pllanzcn und iiber .he bniahrunf 
durth Airfnahme organischcr Slolfo iil-erhaapt” (Landwirthsch. .hdirb. v 
NattsS, r969). hn excellent account of the mechamsin au.l absorptive 

have been published, in which the remarkable prope: 
ties few humble plants have been e.xaggerated into accounts of mai 

catching and man-eating trees of large size. 
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CHAPTER XI. 


CHANaBS OP OBGAMC MATTER IN THE PLANT* 

922. It has now been shown that onder the influence of sun* 
light green plants produce organic matter out of inorganic 
materials. This organic matter is conveyed to points where it 
is to be used, or to temporary reservoirs where it is stored for 
future use. It undergoes manifold changes in the plant, until 
in the ordinary course of nature it is resolved at last into the 
very materials trom which it originally came ; namely, carbonic 
acid and water. 

923. But as the organic matter of the plant represents in its 
construction a definite amount of energy of motion derived from 
solar radiance transformed into the energy of position, in its 
apparent destruction is involved the reconversion of this energy 
of position into energy of motion. Between the first and last 
terms of these constructive and destructive processes very differ- 
ent periods of time may elapse in different cases, according to 
the changes which the organic matter undergoes. 

924. That portion of the organic matter which is built into 
tlie fabric of the plant in the form of cellulose more or less modi- 
fied is not often broken down into its original components wdiile 
the organism is living; but, by decay and by combustion, even 
this relatively permanent substance is decomposed, and its ele- 
ments are finally given back to the air and soil. A certain por- 
tion of the organic matter, however, undergoes speedy and 
striking changes, and all of these are now to be examined 
from another point of view. 

TRANSMUTATION, OR METASTASIS. 

925. The phj-siological expression for the substance formed 
by chloroph}’!! in the sunlight is food. This substance is util- 
ized by the organism in many ways ; but of these only the fol- 
lowing need now be noticed : (1) for the supply of energy for 
movements and other work; (2) for the repair of waste; (3) for 
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the construction of new parts. The changes hy which these 
processes are performed take place in the protoplasm which 
receives and in some way disposes of the newl 3 - formed food. 

926. Supply of energy for work. This is furnished by the 
process of oxidation. It will be remembered that the inorganic 
materials concerned in the production of the food ot the plant, 
namely, carbonic acid and water, are highly oxidized compounds. 

By assimilation a part of the oxygen is Uberated, and the or- 
ffanic matter formed is some carbohydrate capable of oxidation. 
The reception of oxygen, the oxidation of the oxidizable matter, 
and the release of the products of oxidation by the plant are 

collectively termed respiration. _ „ , . ,;t„ 

927 Eepair of waste. The living matter of plants, h ^ - 
livino-' matter of animals, being the seat of all the activities 
manifested by the organism, is constantly luidergoing waste 
and demanding repair. The repair of waste is proper nutri- 

928. The construction of new pai'ts. It has been shown (Chap- 
ter X.) that by the appropriation of nitrogen by the plant proteic s 
ai-e formed, and these are in great part utilized in the produc- 
tion of new protoplasmic matter. So tar as the latter is 
actual increase in substance, and not a mere repair of ^sU, 
it represents true growth. The growth of any root ^ 

leaf consists in the formation of new cells and the inciea 
of these in size. In this process the production of new cell- 
wall is of course the most conspicnous phenomenon. The per 
Lnent increase in size of the cell-walls of a plant disposes of a 
large part of the organic matter which is prepared by assimila- 
tiol and this phase of growth is apt to divert attention from 
that which really underlies it ; namely, growth of the protoplasm 

929. For convenience, the various chemical changes wlucti 
so on within the plant may be divided into two groups ; 
transmutation and complete oxidation. In the former, t > 
sanic matter changes its properties in some way, mther Lj 
L .ddltion ot ne. materials or bj the wbnstrnet.o. . .M 
existing molecules, but, notwithstanding the change, still rt- 
mSins organic matter; while in the letter it is resolved into its 
original inorganic components. The change of one kind 

into another; the transformation of starch into cellulose, and the 
formation of proteids, are good ™ples of transmutation . the 

consumption of food for the release of energy, ™ 
complete oxidation. The first of these groups of changes cor 
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responds nearly to what has been called metastasis^^ the second 
to Tes 2 nration, But it must be remembered that the distinction 
between the two groups is not absolute. 

930. The contrast between assimilation and respiration is very 
marked : one is substantially the opposite of the other. The 
following tabular view displays the essential differences between 
them. ■ ; 

Assimilation proper Respiration 

Takes place only in cells containing Takes place in all active cells, 
clilorophyll. 

Requires light. Gan proceed in darkness. 

Carbonic acid absorbed, oxygen set free. Oxygen absorbed, carbonic acid set free. 
CW)obydrates formed. Carbohydrates consumed. 

Energy of motion becomes energy of Energy of position becomes energy of 
position. motion. 

The plant gains in dry-weight. The plant loses dry-weight. 

Some of the changes which are grouped under transmutation, 
or metastasis, present almost as great a contrast to assimilation 
proper as that shown in the above table. 

931. Course of transfer of assimilated matters. In the present 
state of knowledge it is impossible to trace all the chemical 
changes which assimilated matters undergo in the plant, or even 
the course wiiich such matters take ; only a few of the more ob- 
vious modifications have been investigated. Before proceedino- 
to describe the important forms of organic substance in the 
plant, the Ibllowing general considerations should be presented. 

The carbohydrates are believed to be transferred from one 
part to another, in the higher plants, through the thin- walled 
parenchyma. The reaction of these cells is almost uniformly 
acid. Ihe transfer takes place only when the cai’bohydrates 
are in solution. 

The alhiimimids are probably carried chiefly by means of 
the soft bast of the fibro-vascular bundles ; the cells of this bast 
have a slightly alkaline reaction. 

But that these are not the only paths of transfer, appears from 
the frequent occurrence of minute starch-grains in the sieve- 
cells, and, on the other hand, of dissolved albuminoids in paren- 
chyma cells. 


^ The German word Stoflweclisel is usually translated metastasis^ — a word 
long known in medicine with a totally different signification from that above. 
Schwann s term, much used in human physiology, expresses its 

idea better, but for some rea.sons the term transmutation appears preferable. 
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The direction of transfer of the aboTe compounds is towards 
the point of use, or of storing ; there is never any approach tea 
Sue circulation throughout the plant, corresponding, as was for- 
■mprlv to tlie circulation in animals. 

932 ‘cfassiftcation of the principal organic products, h or the 

nrc rentUpose these may he conveniently grouped mto (1) 

Soso wS are free from nitrogen, and (2) those which con- 
tain nitroo-eii Some have been already treated ot m eailit 
pages of “this volume; of the rest, little more than a mere 

I- Carbohydrates. 

these are solid bodies many of which arc soluble in watei. Ih J 
arc conveniently divided into the cellulose group, «- 

empirical formula, ^^d the sugars, -grape-sii^ai, 

comprises the following isomeric 

'^IMose This substance (see page 31) is regarde<l as a 

■When once separated from the protoplasm as ce 1 • ' 

is aot again dlssolred m the to 

nation where it « of the 

felSTthe 

3’=t!:sr;;=;£=£“ 

;si.sr.;r. 

"Te Mowing table gives some idea of the amount of shamh 
found in the ordinary commercial sources:- 

^Viiiounl of Btardi present. 

Source, ^ 

64 per cent. 

Grains of wheat *..*•’** 65 *“ “ 

Grains of corn * V ' ' 

Grains of rice . . • * * ‘ * * * * ^5„.29 “ ** 

Potato tubers ... * 

When sfrneh is to be tra.sf.™^fr«» S to 

rzxs :r.“rr sStis, .. >. « - 
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that at certain points during its course this solution may tran- 
siently exhibit more or less fine-grained starch. The tendency 
of starch to form in this way is very remarkable in the process 
of germination. 

93G. Inulin, This substance is dissolved in cell-sap (see 183)^ 
but is easily separated from it upon immersion of the plant sec- 
tions in alcohol. It replaces starch in the roots and root-like 
stems of many perennials belonging to the following orders, — 
Ligiiliflorm (Cornpositie), Campanulaceie, and Lobeliaceie. 

937. Jjichenm is abundant in certain lichens, amounting in 
Cetraria Islandica to more than 40 per cent. 

938. Dextrin, Under this name are comprised at least two 
substances ^ which are produced during the transformation of 
starch into sugar. Dextrin occurs in the 3 ’'oung sprouts of 
potato, in most bulbs as they are starting, and in the spring sap 
of man}" trees. 

939. The Gums, These are amorphous substances which 
either dissolve in water or merely swell in it to form soft masses 
or thick viscous liquids. An example is 

Arabin the chief constituent of Gum Arabic, 

obtained from a species of Acacia. It is found associated with 
arabic acid, which is supposed to be combined with calcium. It 
occurs in cherry-tree gum, and to a slight amount in the gum of 
many other plants. 

Of those gums which do not truly dissolve, must be mentioned 
Cerasin, abounding in cherry-tree gum ; Bassorin, or the essen- 
tial constituent of gum-tragacanth ; and Vegetable Mucus, which 
occurs in the seed-coats of flax, the pseudo-bulbs of many or- 
chids, and the leaves of some mallows. 

940. The Pectin DocUes. According to Fremy these are 
derivatives from pectose, a neutral insoluble substance found 
in unripe fruits and in some fleshy roots. Pectose undergoes 
various changes not yet understood. Vegetable jelly, obtained 
by boiling subacid fruits, is a familiar example of one of the 
products of such changes. 

941. The sugar oroup. The more common members of this 
group are grape-sugar, fruit-sugar, and cane-sugar. The em- 
pirical formulas of these substances have simple relations, ex- 
hibited in the following table, in which they are compared with 
that of starch:-— 


i For an account of the allied substances, amylodextrin and achroodextrm„ 
see IV. Nageli, Beitras^e zur naheren Kenntnias der Starkegruppe, 1874. 
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Starch, 

Cane-sugar, 

Grape-sugar and fruit-sugar, 


Cane-sugar 


2CeHi„0, + H.0 

Stai'oh. Water. 

CiijUaPu 4" 

Cane-sugar. Water. 


The three following classes oi s 
tions to fermentation, have been 
ble, (2) indirectly fermentable, (3) 
the' third class belong Arabinose 

further notice here. 

The directly 
and Inverted sugar. 

942. ' Grape-S'ugctr 
of its turnini 
as its name indicates, 
from 10 to 80 per 
age, 12 per cent ; 
pears, 7 1- 
less than 2 per 

943 . Ffuit-sugiiT^ 

tallizable 

944. Imerted sugar < 

Buignet has shown, it is^ 
of a ferment and not of a 

so-called honey-dew of the lea’v^ c wn 

cur q-Vip iiidirectlv fermentable siigais, oi 

945. ihe inc iiccii.) ^ exaraole, ferment undi 

xs” 

by which they are cone a cc ii of luaov plants, 


fermentable sugars are grape-sugar, 

otherwise termed glucose (or 
iCT the plane of polarization to the right, t 

abundant in the grape, where 

cent of the juice. Figs contain, 
sweet cherries, 9 to 10 per cent 
to 10 per cent; plums, 2 to 5 per cent; 
cent of this sugar. 

, sometimes known as Imviilos 

It is associated in most ripe fruits with 
occurs in some ripe frui 
i foniied from cane-sugar 
fruit-acid. It is also 
of the Linden.^ 


of linden leaves yield m 

as of honey 'dew. As 

exudation iroiii leaves 
‘ Cheniio der Pflanzen, 


1 Aoeovding to 120 square 

a single warm July day ^4'' of an insect, or an 

to whether this suhstanc ' ^ (Ebermayer : 

mnderpeeuliarconditionB,^ yet settled 

1882, p. 255). 





860 CH.A]^GES OF ORGANIC MATTER IN THE PLANT. 

16-18 per cent. 
10-14 ** 

10-11 


Sugar-cane stem 
Sugar-beet . . 

Sorghum . . 

Indian corn . 

Sugar maple . 

947. Products free from nitrogen. II. Tegetable acids. Of 
these the most widely distributed are oxalic, tartaric, citric, and 
malic acids. 

945. Oxalie add (C^HA) occurs in almost every plant, the 
amount in some reaching as high as 4 per cent. Most of it is 
combined with calcium or with potassium, a part remaining un- 
comhined. According to Muller,^ the fresh leaves of sugar-beet 
contain 4 per cent of this acid, of which one third is in solution. 

949. Tartaric acid (CAA) occurs free, and also combined 
with potassium in the juice of the grape and many other fruits. 

950. Citric add occurs in the amount of 6 to 9 

per cent in the juice of lemons and allied fiuits, and is asso- 
ciated with other acids in most of our subaeid fruits, such as 
currants, cherries, etc. 

951. Malic add (CAgOs) occurs free, or combined with cal- 
cium, in the juices of many fruits and in the sap of many plants. 
It imparts the sour taste to our most common fruits. 

952. Products free from niteogen. III. Pats, or Glycerides. 
According to Ebermayer most of the fats which occur in plants 
are mixtures (not compounds) of the following three kinds of 
fats in different proportions: Tristearin or stearin, tripalmatin 
or palmatin, triolein or olein. The oils in most seeds, however, 
are free, fatty acids ; namely, stearic, palmitic, and oleic. 

The fats are regarded as compound ethers formed from the 
triatomic alcohol glycerin, whence they have been sometimes 
termed Glycerin ethers. The following formulas exhibit one view 
as to their constitution : — 

(CisBUOla 1 O 3 

Tripalmatm . • . . . . . • • . 



stearic acid . . • . . , . . • . CigHgsOg 

Palmitic acid . . • • • • • • • ^16^82^3 

Oleic acid . , .... . . . . 

(Glycerin , • * * • • • - • * • CgHgfOHjg) 


Tristearin 


1 Quoted by Ebermayer, Cbemie der Pflanzen, p. 820. 
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TAFKIN* AND ALLIED ^SUBSTANCES. 


The oils form ver}^ intimate mixtures with the albuminoids in 
many cases, especialij in seeds of such plants as Eiciniis, etc. 
According to Sachs, in the germination of all oil}' seeds, sugar 
and starch are produced in the parenchyma of ever}" growing 
part, disappearing from them oniy when the growth of the masses 
of tissue concerned has been completed. Since, in the case of 
Riciiius, the endosperm grows also independently, starcli and 
sugar are, in accordance with the general rule, temporarily pro- 
duced in it. The cotyledons apparently absorb the oil as such 
out of the endosperm, whence it is distributed into the paren- 
chyma of the hypocotyledonar}^ stem and of the root, serving 
in the growing tissues as material for the formation of starch and 
sugar, which on their part are onl}" precursors in the production 
of cellulose. In these processes tannin is also formed, which is 
of no further use, but remains in isolated cells, where it collects 
apparently imehanged until germination is completed. It can 
scarcely be doubted that the material for the formation of this 
tannin is also derived from the endosperm, although perhaps only 
after a series of metamorphoses. The absorption of oxygen, 
which is an essential accompaniment of every process of growth 
and especially of germination, has in this case, as in that of all 
oily seeds, an additional significance, inasmuch as the formation 
of carbohydrates at the expense of the oil involves the appro- 
priation of oxygen.’'^ 

Vegetable wax is closely allied to the fats. 

958. Trodiicts free ' from nitrogen* IV. Certain astringents. 
This indefinite group comprises various matters differing slightly 
from one another in some particulars, but agreeing in possessing 
a faint acid character, in changing color with salts of iron, and 
In combining with certain protein matters. Tannin is soinci times 
placed in the next category, namely, among the glucosides ; but 
according to Schiff it is digallic acid. The most important mem- 
bers of this group are Tannin (the so-called tannic acid), GaMic 
acid^ and the astringent principle in Cinchona, Catechu, and 
Kino. According to Nageli, these matters are to be found in 
buds, in unripe iruits, and in those petals which become red or 
blue, dissolved in the cell-sap and diffusing through cell -walls. 
Tannin sometimes exists in little globules of solution, enveloped 
by a delicate film of albuminous matter ; for example, in the cells 
of the pulvinus of Mimosa and in the bark of many ligneous 
plants (Birch, etc.). ' The Mlowing views are held as to 


1 Text-hook, 2<i English ed., p. 716. 
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the formation of this substance: Man}^ authors regard it as a 
product of the retrograde metamorphosis of certain carbohy- 
drates ; Sachsse thinks that it always attends the formation 
of cellulose from starch, and that there is a slight evolution 
of carbonic acid; Wiesner regards it as intermediate in the 
series which begins with the carboh 3 ’’drates and ends with the 
resins. This last view is also held by Hlasiwete, who has ob- 
tained the same products from taiiniu as from the resins, when 
each was fused with potassic hydrate. 

It is a signiicant fact that all the barks which are rich in tannin 
are also rich in starch. 

Nothing is positively known as to the function of tannin and 
its associated bodies in the plant. By Har tig they have been 
looked upon as reserve materials ; but Schroeder was not able 
to verily Hartig’s observations. By most observers these sub- 
stances* are regarded as waste products, having no further nutri- 
tive function, but possibly playing some part in the formation of 
colors. The following table ^ shows their amount in some of the 
barks and other parts used in tanning : — 

Galls . . , . . .... . . . SO-T? per cent. 

Catechu 40-50 ‘‘ 

Divi-Dm 30-40 

Sumach . . . . . . . . • • . 12-18 

Oak bark ........... 7-20 ‘‘ 

Willow bark . 8-12 ** 

Hemlock bark . ... . . . . . 13-16 “ 

954. Products free from nitrogen. , T. Most GIucosMes. These 
are substances which under certain conditions, especiallj" the 
action of unorganized ferments, are broken up into glucose or 
some allied sugar, and at the same time some other body capable 
of further decomposition. Most of them are soluble in water. 
The following are among some of the best known : salicin, coiii- 
ferin, msculin, quercitrin. Tannin is often placed among the 
Gliicosides. 

955. Products free from nitrogen. YI. ^ Ethereal oils. These 

are volatile liquids generally approaching Terpene in 

chemical composition. Nothing is certainly known as to their 
formation in the plant. They are not again taken up as plastic 
matter, but simply serve some function, often that of attraction 


i For other determinations see Ebermayer’s Chemie der Pfianzen, p. 452, 
from winch most of the above are taken ; also see the excellent table in the 
Tenth Census, vol. ix., p. 265. 
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or of protection. To their presence is clue the fragrance of inanj 
fruits and flowers, notably those of orange, bergamot, and the 
mints. Associated with the ethereal oils, the camphors occuj)y a 
prominent place. Thej’ are generally ■ regarded as the products 
of the slight oxidation of^ some . ethereal oils. . The following is 
the best known, CjgHj/.) (..Laurel-camphor), 

956. Products free from nitrogen* YU* Eesiiis and Balsams* ' 
These substances, which differ much in consistence, color, and 
other physical properties, contain comparatively little oxygen, 
are mostly amorphous, insoluble in water, and sometimes pos- 
sess a slight acid reaction. 

Balsams are deOiied as mixtures of resins with volatile oils, 
tlie^ resins ■ being prot.hiced from the oils by oxidation, so that a ' 
lialsam maj^ be regn.rdod as an intermediate product between 
a volatile oil and a perfect resin/’d 

The Balsams are generally divided into two groups : (1) those 
containing much cinnaruic acid, as Balsam of Tolu, Peru, etc. ; 
and (2) those which are purely oleo-resinous, as Balsam Copaiba, 
B'ir, etef'^ 

Certain resins and caoutchouc-like matters are found in large 
amount in the latex. 

957. Products contain! iig nitrogen* I. The alhuinin-Iike mat* 
ters. Ritthausen classifies these substances into (1) Albiiinin of 
plants ; (2) Casein of plants ; (3) Gelatin of plants. 

xilbumin of plants is the term applied to the protein mat- 
ters which readily coagulate from their aqueous solutions upon 
the action of heat or acids. The coagula dissolve more or less 
readily in potasslc hydrate, exhibiting considerable' differences 
in respect to solubility. They contain from 2.6 to 4.6 per cent 
of ash, and have the following elementary composition : — 


i ^jrlton . 
Hydrogen 
N itrogoii 
vSulcliur 
Dxygeii 


52.31-54.33 per cent 
7.13- 7.73, 
15.49-17.60 't ■ 

■ .76" L55 ■ “ 

■ 20 . 55 - 22.98 . “ ' 


Chsein of plants comprises the following vsobstances : legii- 
iniii, gliiteo-caseiii, conglotin. . Solutions ■ of these' are preeipl- 
. tated ' by .dilute acids and by rennet. .The.. precipitates are readily 


A Watts: Dictionary of Chemistry, i, 1S63, p. 491. . A . ■ . ' ' 

2 A solution of th (3 coloriiig-nmtter of alkanet root in dilute. alcohol applied 
to a thin section of a plant containing resins colors; the resins. red after a few 
minutes, but does not serve to distinguish one from another. .■ 
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soluble in a solution of basic potassie phosphate. Their ultimate 
imposition is nearly the same as that of the group just men- 

ofplantB. The associated matters are (1) Gliadin, 
Mucedin, (3) Gluten-fibrin. These bodies are soluble in 
Scotol, and in water containing a smaU amount of acid or 
Sali. In their fresh state they are tough, viscid masses, only 

slishtlv soluble in water.* . 

958 Weyl does not accept Ritthausen’s classification, but 
holds ihat liumin is a mixture of vegetable vitellin and casein ; 
and further, that there is no true casein in seeds, the sub- 
stance called by this name being a product of secondary changes 

in, tlio IslIioi xr ivr \ 

959 Products containing nitrogen, n. Asparagin 

This substance occurs in the shoote of Asparagus officinalis and 
manv other plants, from which it can be obtained in the form of 
transparent crystals of the orthorhombic system. It is merely 
necessary to evaporate the juice of the plants to the consist- 
ence of a thin syrup, and after allowing it to stand for a time 
the crystals wiU separate, and may be purified by recrystalliza- 
tion. Pfeffer describes the following useful method of piepaii j, 
them upon the slide of the microscope ; A moderately thick sec- 
tion of the tissue suspected of containing asparagm is placed on 
a slide, covered with a bit of glass, and treated with absolute 
alcohol, when the crystals will be thrown down in the cells, or 
wiU form in the alcohol outside of the specimen. 1 he character 
of the crystals can be known certainly by their insolubility in a 
concentrated aqueous solution of the same substance (see 46). 
The amount of asparagin in certain plants has been given as 

follows ; — 


Name of Plant. Per cent of Asparagin. 

Roots of .Altliaea . • - • 2. . • 

Vetch germs . . • • - 1.5 . • 

Radicles of a germinating 
plant dried at 100 0. . . 10.5 . • 


Observer. 

Plisson and Henry. 

, Piria.' 

Beyer. 


960. Asparagin possesses its chief interest from the part 
which it probably plays in the transfer of nitrogenous matters 
through the plant. According to Pfefifer, although it cannot be 
detected with certainty in the seeds of the vetch and pea, it 
appears in the young parts, especially in the lines of transfer (for 

1 Hunt has called attention to a curious relation between the composition. 

of animal gelatin and that of Btavch to which ammonia is added. 
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example, the petioles of the cotyledons). 'That the source ..of the 
asparagin must be the . reserve albuminous matte.rs in tlie seed., 
appears from the .following consideration : The absolute amount 
of nitrogen remains the same ' during germination, and the 
nitrogen of ' seeds is all or' nearl^vall contained in their albii ini- 
nous ingredients.”^ Asparagia and. the chief proteicl of the 
seeds in legumiiiotis plants have been thus compared : — 



Asparagin. 

Legnmin. 

Dilference. 

Carbon , . . 

36.4 

64.9 

+28.5 

Hydrogen . , . . , 

6.1 

8.8 

+2.7 

Nitrogen > . . 

'. 21.2 . 

'21.2. '■ 

. m.o. . 

Oxygen, ... . , . . ' 

36.4 

30.6 

'---■ri.s-.,'' 


Asparagin contains less carbon and' .hydrogen but more 
oxygen than ieguinin and other proteids. Consequentiy if tiie 
whole of the nitrogen of legumin ■ is . used- in the formation of 
asparagin, a considerable quantity of carbon and hydrogen niiist 
be given off and a certain amount. of oxygen absorbed. Exactly 
the opposite will take place upon the eouversion- of asparagin 
into' proteid.”.d 

961. Trciucts contaiiiing iiltrogeii, ■ III. .The altoMcls* These 
substances all possess the po'wer of uniting w.ith acids to form' 
salts, and they are often described as basic alkaloids. ■■ Among 
the most important are Qmnia^ and Strycknm* ■ ' 

The number of alkaloids now known' is ' very great, and the 
modes in which they are found combined in' the plant arc very 
diverse. They are more abundant in those plants which are 
grown under conditions of considerable warmth, and arc iniieh 
more abundant in some parts of. the. plant than in others, as Is 
shown by the case of morphia. Nothing, is positively known as 
to their origin or proper function, in.- the'; orga'nism. It should 
be mentioned, however, that many of them when applied to 
the: very plants from which' they were prepared prove to be 
poisonous ; 'thus, morphia poisons the' poppy. 

'962.. Proincts ccntaiiilng .nitrogen. lY.. Uiiorgaiiizei fermenfe. . 
It has long .been known that there must exist in certain parts of; 


' ^ Pfeffer, in Sachs’s Text-Book, ..1882, p. 719. For a Ml account by Pfeffer, 
see Pringslieim’s Jahrbticlier, viii.,' 1874 P*- '^^9 ; 'and Moiiatsterieht 4er Ber- 
lin Akademie, 1873, p. 780. See also Hnsemanix and 'Hil^r: Bie Pfianzen- 
stoffe, i., 1882, p. 264. 
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plants, notably in seeds, compounds which possess the power of 
etfecting changes in the character of starch, etc. ; but it was not 
until 1873 that a method was given which enables us to isolate 
these compounds in a state ot comparative pni it}. IMs method 
is based upon their solubility in glycerin, and theii lead} pre- 
cipitation from glycerin solutions by means of common alcohold 
By the use of'^this method Gorup-Besanez has been able to 
obtain from the seeds of vetch, flax, etc., a feiiiient which is 
soluble in water and glycerin. The substance contains 7.76 per 
cent of ash constituents and 4.5 per cent of nitrogen. Its solu- 
tions convert starch into sugar very rapidly at the temperature of 
2()'^”30'^ C. ; and in the presence of a dilute acid, for instance 
hydrochloric, it has the power of peptonizing proteids. In solu- 
tion, it loses its activity at 80^ C, ; but if carefully dried, it can 
stand a temperature of 120° C. Up to the present time no fer- 
ment capable of effecting changes in the fats of plants has been 
isolated.^ 

9G3. Baranetzkv has shown that in the conversion of starch 
into sugar there are two phases : (1) the formation of dextrin, 
and (2^, at a somewhat higher temperature, the formation of 
sugar. He observed an acid reaction in the ferment. 

9G4. In the sap of Carica papaya, Wurtz and Bouchut^ have 
isolated a peptonizing ferment which acts promptly upon albu- 
minoids. The juices of several tropical fruits are^ said to have 
the property of softening meats, and this action is legaided as 
dependent upon some unorganized ferment. 

9G5. Besides the products already enumerated, there are some 
bitter and extractive matters and some coloring substances which 
do not naturally fall into any of the groups described. 

9GG. From the facts which have now been presented, it is 
clear that the composition of the sap wdiich escapes from a plant 
when it is wounded must be veiy complex. The juices ot a 
j)lant contain all its dissolved mineral matters, gases in solution, 
and numerous members of both of the nitroge nous and non- 
nitrogenous groups already mentioned. 

1 Hiifner. Journal fiir praktische Chemie, v., 1872, p. 372, and xi., 1875, 

»^For a short account of the work of Eosmann (Journal de Pliarmacie et de 
Cliimie, ser. 4, tome xxii. p. 335) and that of Krauch (Versuchs-Statioiien, 
xxiii il 77), see Husemann and Hilger : Die Pfianzenstoffe, i, 1882, p. 238. 

3 Comptes Rendus, Ixxxm, 1879, p. 425;, xci, 1880, p. 787. See^also the 
following: Duclaux : Comptek Eendus, xci p. 731v and Hansen : Sitz. der 
physikmedicin. Societat zu Erlangen, 1880. 
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EESPIRATION. 

967. It has been long known that air is necessary for the 
germination of seeds. ^ In 1777 Scheele "'^ pointed out that in tins 
process, as in the breathing of aninuils, oxygen (calle<l by him 
fire air) is consumed and carbonic acid (called, by him air-aeid) 
is given off. Two years later, Ingenhousz® sliowed that, all 
plants at night give off fixed air (car):»onic acid), and in IHIM 
Sausstire proved that ail plants require ox.ygen for their grow^th* 
In 1838 Meyeii'^ clearly defined the scope of respiration in phi!)ls, 
since which time it has been carefully examined in most of its 
relations. 

968. The relations of gases to plants, so far as their absorp- 
tion and elimination are concerned, have been sofiicleiiilj dis- 
cussed in Chapter X. It is merely necessary to state at prestmt 
that oxygen is readily absorbed by all parts of plants, and lliat 
the intereelliilar passages (519) form a means l>y which it ('an 
traverse the whole plant very rapidly. 

969. In its simplest phases respiration consists in the absorp- 
tion of oxygen, the oxidation of oxidizable organic matters, and 
the evolution of the products 
of oxidation ; namely, carl)onic 
acid and water. Some other 
products are often formed in 
minute amount, but these ma^’ 
be here disregarded. ' 

970. Measiireinent of Ees- 
piratlon. Eespiration can be. 
measured very nearly Iw the 
amount of oxygen which dis- 
appears or by tlie amount of 
carbonic acid which is given 
off. The ordinary apparatus 
for . examining .respiration is 
based upon the measurement 
of, the latter, and consists es- 

... sentially of some application of potash-bulbs, or wash-bottles (see 
Fig. .163),. for the interception of all evolved carbonic acid. , The 


^ See Malpiglii : Opera omifia, 1686, 

2 C’hemisclie AhliandluBg von der Luft, 1777. 

® Experinients upon Vegetables, 1779,- p. xxxvi. 
^ PfifniKenphysiolonie, ii., 1838, p. 1G2. 
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air supplied to tiie seeds in the bell-jar, of course first carefully 
freed from every trace of carbonic acid, is drawn through by 
means of an aspirator, and in the bulbs all the carbonic acid 
derived from the germinating seeds is retained. 

971. Plants in dwelling-houses. To what extent can house- 
plants injure the air of rooms at night? The carbonic acid which 
is oiven off by plants comes from the breaking up of assimilated 
matters in the various activities of the organism, such as growth, 
movements, etc. But the total amount of work done by any 
plant under the conditions to which ordinary house-plants are 
subjected is represented by the oxidation of a very small amount 
of food. From the most trustworthy data it is safe to say that 
in the case of one hundred average house-plants the whole 
amount of cai-bonie acid resulting from such oxidation during 
work would not vitiate the atmosphere of a moderate-sized room 
to any appreciable extent; in fact, would be exceeded by the 
amount evolved from a common candle burning for the same 
length of time. 

072. Relation of the carbonic aciA given off to the oxygen 
ahsorhed 0 Owing to the fact that part of the carbonic acid 
produced during respiration is retained within the plant, and 
that water is formed as a product of respiration, it is difficult to 
determine the exact relations of volume of the absorbed 0 x 5 gen 
and the evolved carbonic acid. It is known, however, that in 
certain cases the amount of carbonic acid evolved is less than 
would be expected from the amount of oxygen absorbed. This 
is well shown when the germination of oily seeds is compared 
with that of seeds containing chiefly starch. When oily seeds 
germinate, the amount of carbonic acid is appreciabl}' less than 
that given off by starchy seeds. Hellriegel has shown that in 
one instance the fixation of oxy^gen amounted to an increase in 
weight of 1.15 per cent. 

' 973. The free oxygen of the atmosphere is ample for the vespi- 
ratory process* Saussure^ has shown that the amount in the 
atmosphere can even be reduced one half without materially 
interfering with the functions of the plant. 

Most observers have found that in pure oxy^gen there is an 
increase in the activity: of the respiratory function. 

Bcrt^ has conducted interesting experiments upon the effect 


1 Quoted by Pfeffer, Pflauzeiiphysiologie, i. p. 378. 

^ For a discussion of this question, particularly with reference to the lower 
organisms, consult Bert: Lapression baromHrique, 1878. 
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of pressure on the various functions, by wliieh it appears that in 
ordinary air, under a pressure of six atmospheres, Mimosa per- 
ished quickly. ' .In an atmospliere under high compression seeds 
germinated, if at all, veiy slowly. ^ ^ , , 

974. Imfliieiice of teiTii)eratiire upon reBpiratioii. . llespiratioii 

can go on at low temperatures, even near the freezing-point of 
water. The rate of respiration' increases witli rise of hunpm’a- 
ture, aswill be seen from, the following figures,. for germinating 
beans : — ^ ' 

ikiiKUiut acM 

Temperature. givenolT each hour. 

20 0 * * . • l().r»n iiigr. 

go * ’ . I * . ■ , . 21.22 ■“ 

lgo * *. ] * . I ' 

So w... •« 

975. Iniaeiice of light upon respiration. It is not yet known 
.positively whether light has any effect upon respiration. ^ In 

some experiments there has been a slight increaseV^ in otlieis a 
diininution,® in the rate, with increased illumination; but it is 
not certain whether all other factors w^ere excluded 

If the produced carbonic acid does not escape readily from the 
tissues, respiration goes on more slowly.^ 

976. Periods of rest. Although all plants require ox\ gen foi 
the performance of their normal functions, it by no means follows 
that when a plant is supplied with oxygen the normal activities 
will be necessarily exhibited. In the case of certain bulbs, seeds, 
etc., even with the most favorable surroundings, there may be 
no signs of respiratory or other activity until after the lapse of 

1 Rischawi: Viirsnuhs-Stationeu, xix., 1S7B, p. 338.^ _ _ 

2 Wolkoff and flayer: Larnlwirthschaftliehe Jalirbiicher, 18/4, li'dt iv. 5 

Ca,lionr3 : Oomptas Ri'Uiliis, Iviii., 1861, p. 1206. , , , ... , 5 , 7 .i 

8 Dumas: Aniialiw .In Cliiuiie et de Physique, ser. 6, tome uu, 1874, 
TI. 105: Borodin: Just’s Botaii. Jaliresbcriclrt, iv., 1878, i>. 920. . 

4 For the bearings of this npiou alcoholic fermenbition, ivhicb, iicoordiiig to 
Melsens, is not airested until a pressun; of 25 atinospherea of carbonic acid 
is reached, see Pasteur ; Aimales de Chiniie et de Phy.siqHe, sei 3, tome In., 
1858, p. 415; and Xngeli: Die nicderenPilze, 1877, p. 31. 

Alcoholic Fenwntatm. This process is so intimately connected with 
that of respiration that it requires a brief description at this point, beduced 
to its .simplest terms, it consists of the changes whicli are Jiroduced in a solu- 
tion of sugar by the gi’owth of a microscopic organism. This is some one of 
tlie Sa.'charomvcetes (a group of low fungi wliich we propagated by a process 
of budding). Bv the growth of this fungus the solution ot sugar is hiohu up 
into various i.vodiicts, the most noteworthy being alcohol and carhoiiie acid. 

, : 24 


370 CHANGES OP ORGANIC MATTER IN THE PLANT. 

a <nvsn period of time. There is little doubt that this refusal 
of’the resting part to start is an inherited trait connected in 
some way with the protection of the plant against untoward 

influences. . , , , x. * , ^ 

977. Bospiration is accompaBied by an eToliition of lieat« 

The flowers of the melon and tuberose were examined by Sans- 
sure, who found that in the opening of the former there was 
an elevation of 4 to 5 C.°, in that of the latter, .3°. Caspary 
detected a noticeable rise of temperature in the opening flowers 
of Victoria regia, and the same has been observed in flowers of 

species of Cactus. ^ ^ 

978* In those cases where it is possible to examine an oigan 
in 'which the process of respiration is rapid, as in a compact 
cluster of flowers of Aracese, the diflerence between the tem- 
perature of the air outside and that inside the spathe is very 

marked. / . 

979. The following results by Seiiebier, obtained by two 
methods of experimenting, are very instructive^, showing the 
remarkable and rapid changes of temperature in such cases. 
The plant in this instance was Arum maculatiim. 


Time. 


Temperature of air. 
0.° 


8 

5 

6f 

6i 

6 | 

7 

n 

lOJ 

■ 5 ' 


. M. . . . 

. , . 15.6 ...... 

if 

. 14.7 .... . . 


, . 15 


. . 15. .... . • 

St 

. . 14.9 

it 

, . 14.8 ...... 

St 

, . 15, . . ... . 

St ^ 

. . 14. .... . . 

u M. . . 

. . 14.1 ...... 


Temperature of spathe. 

C.o 
16.1 
17.9 

19.8 

21 . 

21.8 
21.2 
18.5 
15.7 
14.1 


Even higher differences have been observed. 

980. Light is produced during the growth of certain of the 
lower fungi under certain conditions. The phenomenon called 
phosphorescence is not known in any of the higher plants. 
According to Fabre, it is associated with the absorption and 
consumption of oxygen, and the evolution of carbonic acid. 

981, Intraiiiolecalar respmatioii. Under certain circumstances 
plants can continue to give off carbonic acid when no free 
oxygen is supplied, and when they are kept in an atmosphere 

1 For an account of supposed cases of luminous flowers see Balfour’s Class 
Book of Botany, 1854, p. 676. 




■ IHTEAMOLECULAE EESBIBATIOH. S7l 

of some other gas.^ '■ The following experiment will illustrate 
this: — 

If a mass of active seedlings be placed in a current of some 
neutral gas, for instance iiitx'ogen, the seedlings will continue to 
evolve carbonic acid. Since the amount of carbonic acid givtni 
off is greater than can be derived from the oxygen whicli might 
be fairly assumed to have been retained in the plants at the l>e» 
ginning of the experiment, the eoocltision lias been drawn that 
the production of this gas is at the expense of substances within 
the tissues containing combined oxygen. In other wmrds, this 
process, which is like respiration in some particulars, dilferh Irnm 
it in this respect : in ordinary respiration Iree oxygen entmvs into 
the plant and there oxidizes certain matters ; while in this cane 
the molecules of certain eoinpoiinds break up, and the releas{.‘«i 
oxygen at once forms, with carbon, carbonic acid, whieli is 
evolved. This process is known as intrarnoleeukr respiration. 

982 . W ortmann ^ has proved that wiien seedlings of Vieia Fa1 la 
are placed for short periods in an atmosphere free from oxygen, 
the}’' give off the same amount of carbonic add as they do when 
OX}' gen is furnished. Hence liebvas naturally led to believe that 
all the carbonic acid produced by plants has its origin in Intra- 
molecular respiration, and that the free oxygen of the air takes 
no direct part in the formation of the carbonic acid evolved. 

983. But, on the other hand, Wilson® has shown that most 
plants evolve much larger quantities of carbonic acid wdieii free 
oxygen is provided, and that Vieia Faba forms a remarkable 
exception to this rule. His experiments were made upon seed- 
lings, buds, leaves, flowers, fruits, and cryptogamous plants, 
and with uniform results.' He .cites Ffeffer as saying: If an 
equal amount of carbonic acid, were formed in both intramole.cu- 
lar and normal respiration, this would only prove that the same 


I The same phenomenon has been observed in the case of some of tin* 
lower animals : Ihltiger (Archives fnr Physiologic, x., 1875, p. 251) lias shown 
that when these animals are kept in an atmosphere of nitrogen, they evcdvc 
during the first few^ hours nearly the same amount of carbonie acid as if tlscy 
had been placed in common air. The chemical processes which cause the 
production and evolution of carbonic acid in the absence of free oxygen are 
grouped by Pfluger under the term 

# ^ Arbeiten des botaniselieii Instituts, Wiirzbiirg, 1880, p. 500. 

] ; ^ Flora, 1882, and American Journal, xxiii., 1882, p. 423., For an interesting 

account of the literature of intraiuolecuiar respiration see Pfliiger’s paper, men- 
■ tioned above. Observations upon the subject w^ere made even during the last 
' century and early in the present century.. For, Broughton’s and Pfeifer’s work 
see Botanische Zeituug, 1870, and Pflanzenphysiologie. 
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number of carbon affinities for oxj'gen had been satisfied in 
each case, and would in no way indicate from whence the supply 
of oxj-gen came. And in case free oxygen was active in normal 
respiration, in intramolecular respiration, .when free oxygen was 
absent, its full supply might still be obtained through constant 
powerful attractive forces which could take oxygen from other 
combinations and thus give rise to secondary changes.” 

'J84. Eriksson' has shown that a slight elevation of tempera- 
ture occurs during intramolecular respiration, amounting in the 
case of a mass of seedlings, flowers, or fruits, 125 ec. in bulk, 
to C. In the experiments which he made with 3'east, he 

obtained a much larger increase of temperature. Thus, when he 
employed 500 ec. of a fluid containing five parts by weight of 
water and one part by weight of yeast, together with 10 per cent 
of sugar, he obtained an increase of 3°.9 C. He found, further, 
that in intramolecular respiration, both in the case of germina- 
tion and in that of yeast, the elevation of temperature can be 
noticed for one week. After this time, with diminution of the 
resuiration, the temnerature becomes the same as the surround- 


1 TJntersuchungen aus dem bot. Inst, zu Tiibingen, 1881, p. 105. 

2 Borodin: Botaniselae Zeitung, 1878. 
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VEGETABLE GKOWTH. 

988. As already sliowii, Tegetable growth consists (1) in the 
formation of new cells, (2) in the increase in size of previously ■ 
existing ones, or, (3) as is commonly the case, in both of these 
processes taMng place simultaneously, iii the protluctioii of 
new ' cells and in the augmentation of cells in size thcTC are cer- 
tain chemical and physical phenomena, which always accompany 
the morphological (djanges. 

989. The chemical changes are ■ essentially those which have 
been described under Transmutation and. Respiration ; available' 
matters change their character in order to be utilized in the for- 
mation and increase in size of cells. The physical phenomena 
are chiefly those which accompany oxidation ; namely, the evola- 
tioii of heat and the production of electrical disturbances. 

990. The materials used by the plant for the formation of new 
structures are produced by assimilation ; and in annuals a large 
part of the assimilated matter is consumed in giwth as soon 
as it is made. But, in perennials, especially in those which 
belong to climates where vegetation has periods of rest, a por- 
tion of the assimilated matter is stored up for Mure use. The 
•rapidity of the . growth from buds .in the spring is due to the 
abundant supply of assimilated matters prepared during the pre- 
•ceding summer. ■. 

991. ' Hence growth is not necessarily ass-ociated with increase 
ill weight. In fact, in the growth of new parts from a hulh or 
tuber, although there is a marked increase .of volume, there Is, at 
first,. an actual loss of dry substance through oxidation. More- 
over, one part may grow at the :expense of another ; and we may 
liave^ under 'certain conditions the anomaly of an increase in 
volume of new organs, with simultaneous, but larger, decrease in 
size of older parts, so that the' result, as regards the whole, is 

■diminution of vroight. 

992. Morphological changes in the cells. The two processes 
involved in ordinarv growth, namelj', increase of cells in number 
and in size, may go on together. But growing cells belong to 
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one of two classes : either the}^ are capable of prodocing other 
ceils, or, incapable of this, they develop into cells for some 
special office. To the former class belong all merismatic tissues ; 
(see 201) from the latter all the permanent tissues are derived. 
Since growing cells have such different destinies, we must ex- 
amine them in their earliest stage to find what they have in 
common. 

993, The simplicity of structure in many of the lower plants is 
so great that a living cell can be kept under observation through- 
out its various stages, and through its transparent wall all the 
changes which go on within it can be noted. But the points of 
growth in most plants, especially those of the liigher grade, are 
hidden by more superficial cells ; and upon removal of these pro- 
tecting parts, pathological changes are brought about at once, 
from exposure and mechanical injury, and healthy growth is 
arrested. In a few instances only, such as plant-hairs and 
other epidermal structures, is it possible to observe directly the 
progress of cell-division. Growth in deeper parts must be ex- 
amined by an indirect method ; that is, like parts must be com- 
pared at different stages of development, care being taken to- 
select those which have been kept under nearly the same ex- 
ternal conditions. By judicious selection of material for the 
examination of growth, specimens can be found which exhibit 
in a single section several diflferent phases of cell-division. 

994, When fresh material is employed, the sections are so 
much distorted that it is difficult to secure satisfactory results; 
in fact, the discordant views relative to the formation of cells are 
largely attributable to this source of error. If, however, the 
tissue to be examined is placed for a while in absolute alcohol, 
either with or without a little chromic acid, the cell- wall is 
rendered so much harder that the sections are not seriously 
distorted, and the contents of the cells are more clearlj^ seen. 
When the treatment is supplemented by the use of staining 
agents adapted to special cases, the course of development of 
new cells can be followed out with comparative certainty. 

995, In the protoplasm of nearly all vegetable cells there is a 
spheroidal or lenticular body apparently denser than the proto- 
plasm itself. It retains the name nuclem^ given to it b}" Robert 
Brown, who first called attention to its importance. Under ordi- 
nary circumstances it can readily be detected in all active cells- 
of the higher plants. 

When living, it resists, like the protoplasm in which it is 
embedded, the entrance of all coloring agents ; but when dead it 
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is at once tinged by them. Upon the application of iodine it 
becomes deeper brown-yellow than protoplasm', and this led 
Hofmeister to the belief that it ■ is richer in albiiminoidai rnat- 
tersd Its behavior with digestive fluid and other reagents imli- 
cates that, like the nucleus in the animal kingdom,'^ it cuntains 
a substance rich in phosphorus.^ '. " 

996. The surface of the nucleus generallv appears to be 
firmer and more liighly refringent tiian tlie interior mass, and in 
these respects is like the superlicial layer of protoplasm, hven 
with low powers of the microscope ■ and .without reagents tiie 
inner mass of the nucleus is often se'en to be far from lKu.no- 
geneous, generaiiy containing granules, wiiicli are sometimes 
irregiilar, sometimes regular in form. When a single hirge 
granule is present, it is known as the nucleolus ; when two or 
more, the nucleoli. These vary wddely in number, size, iuid 
shape. Besides such granules, vacuoles are frequently [present. 
Upon the application of suitable staining agents, and by the 
use of high powers, the nucleus, formerly thought to be nearly 
iiornogeneous, is shown to be a l'>asic substance possessing a 
finel}" reticulated structure. At times the nucleus appears to 
be simply dotted throughout with fine points. 

997. When the bodies which are associated with its basic sub- 
stance are granular, they are distinct from each other ; but when 
in the shape of rods, fibres, or delicate threads, the}' are usually 
conjoined to form a sort of network, or so connected together 
as to make a long thread which is tangled in a complicated man- 
ner. The basic substance of the niicieiis, less highly colored by 
staining agents than the rest, has been called Achromatin ; while 
the portions which take color readily are termed Chronuitlii by 
Flemming, nucleinA by Strasbi'irger. 

During cell-division these portions of the inicleus undergo 
remarkable changes of shape and position, which, with the* 
ciianges observable in the nucleus as a whole, can l>e 0!ustra.ted 
by a few special cases taken from 8ti\asburger’s treatise, and 
given in, nearly his words. 

1 Hofmeister: Die Leiire voji cler Pflaazenzelle, 1867, pp- 78, 71^. 

Hoppe-Seyler: Idiysiologiselie ■ Chemie, ,i. p. 84, which contains a '.good, 
aceoimt of the literature of the siibject. 

^ Zacharias : Botaiiische Zeitimg, 1881, p. 16.9. ■ 

^ The only objection to the term nuclem is its previous application to the 
proximate chemical siibstance rich ill phosphorus wdiieh, although a |iart of 
the nucleus, is not proved to be identical with the part which receives colors 
, most deeply. ., 
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998. Development of stomata. Each of the mother-cells from 
which the guardian-cells of stomata are formed contains at nrst a 
large nucleus with one large nucleolus or several small nucleoli 
{Fig. 164, No. 1). The nucleus grows in size and becomes gran- 
ular, but does not lose its identity in the protoplasmic mass (Fig. 
164, Nos. 2, B). At this period faint stripes appear which con- 
verge towards the poles of the spheroidal nucleus, while there is 
developed midway, at what has been well called the equator, a 
row of granules lying in one plane and forming a sort of disc 
or plate (Fig. 164, No. 4). The granules next pass for the most 
part in the meridian lines towards the poles, and there accumu- 
late to constitute new nuclei (Fig. 164, No. 5). The polar masses 
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are connected by faint stripes, and from this stage (Fig. 164, 
No. 6) go rapidly to their fuller development. In them rods 
appear which, though somewhat curved, generally lie in the 
direction of the axis of the spindle, and the contour of the two 
masses becomes clearty defined (Fig. 164, No. 7). Next, the 
faint stripes thicken somewhat, while at the equator there is 
developed a plane of minute granules (Fig. 164, No. 8), which 
become confluent and form a coherent film. This soon splits 
into halves between which cellulose is secreted. At first the 
secretion takes place in spots, but it soon becomes uniform. 
The splitting of the film for the formation of the cellulose is 
similar to that of the nuclear disc, except that in the former the 


Fig, 164. Changes in the nucleus <iuring cell-division in the mother-cell of a stoma 
of Iris pumila. The dark parts in all the figures represent the nucleic. In No. 9 
the cell-(3i vision is complete. (Strasburger.) 
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separation is very slight. At the time of the formation of the 
cellulose film certain nuclear threads may stretch as far as the 
wall of the mother-cell ; but often they do not extend to it, and 
in this case the gap is filled out by a corresponding plate from 
the protoplasm. The cellulose film is produced almost simul- 
taneously throughout the whole extent of the mother-cell, whicli 
is cut into two guardian-cells, forming a stoma (Fig. 164, No. 
9).i Although the process goes on without interruption, it may 
he divided into three phases; namely, (1) the arranging ot the 
nucleolar bodies to form a disc in the middle plane of the nucleus; 
(2) the splitting of the nuclear disc into two parts which pass 
over towards the poles, there becoming new nuclei, leaving laint 
meridional lines connecting them ; (3) the thickening ot these 
lines, and the appearance of grannies at the equator, so as to 
form a plate which divides into halves. The cellulose fdm 
secreted between these halves sooner or later goes across the 
cell cavity, making a partition- wall between two new cells. 

The mother-cell from which guardian-eclls are developed m 
the manner lust described is itsell produced in near tre 
same manner from an epidermal cell. The latter contains a 
spherical nucleus having a diameter about two thirds that ot 
the cell. It is not wholly filled with protoplasm, as is usually 
the case with cells capable of division, but has a very thick 
lining of protoplasm along the wall, and in this the n«cleus 
is embedded. The nucleus extends completely across the ce 1- 
cavity, while above it and below it is cell-sap. If^, now, Jie 
epidermal cell is to give rise to a new one, the 
over to one end of it and there divides into two parts, essentially 
as before described, except that the halves remain f togeth^ 
Between these new nuclei the cell disc or plate, and tli . t ■ - 
plate, are successively produced, cutting the old cell into unequal 

^ 999. The divisloii of cells in cambium was examined by Stras- 
biirger^in young shoots of Pinus sylvestris, wliich had completed 
their growth in length and had begun to thicken. 1 heso wi 
letectfd on account of their rapid ^development. J^-ambmm 
cells of this pine have a lining of protoplasm, together with > 
nucleus which occupies the middle of the cell and completely 
fills the smaller diameter. The nucleus is nearly spherical, or 


1 Strastarger : Ueber ZeUhiMuug nod Zelltheilung, 1876, p. m This 
account is solcwhat hut not esBcutially tot m the edition of 1880. 

2 Ueber Mlbildung und Zelltbeilung, 1876, p. 116. 



completely across. The remarkable thickness of the radial waUs 
of the cambium is explained by Sanio as due to the non-absoip- 
tion of a part of the mother-celi; but Strasburger ascribes it 
to the uninterrupted nutrition of the radial wall from the contents 
of the cell itself. The newly fomed partiUon-wall is thin, and 
cannot be shown by reagents to be double.^ 

the chromatin. (Flemming.) 
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1000. DeTelopnent of poHen-grainB* ■ This affords some of the 
most instructive examples of cell-dmsion, and owing to the 
fficility with' w^hicli materia! can be procured and stndled, lias 
received much attention. 

{1) Superjicii^l These, which can be easily 

traced without the employment of staining agents, are In Inief 
as follows : At the perioil when the loculi of the anthers begin 
as minute elevations at the. end of the stamen, the- external 
layer of cells, which is to serve as epidermis, is underlaid by 


a group of small cells which give rise to the mother-ciclls of tho 
pollen and to the lining of the anther itself. This group is 
termed the archesporiom ; Iw division, of - its inner layer, large 
inother-cells are produced wdiich divide to form tiie pollen- 
grains. The division^ of a mother-cell may give rise' to two, three, 
or four pollen-grains, and. in some cases more, ' according to the 


Pig . I6C. Fritillarin, Persica. Division of tlio mofcher-cells of pollen, a, early stage, 
in wliidi the tbrea<ls are eonfiised ; ?j, the segments in course of longitudinal (llvisUm; 
<?, the nuclear spindle in profile; //, the same seen from its extremity or pole; c, division 
of the nuclear plate; /, separation of the derivative or daughter-segments; r/, formation 
of the derivative tangles and tlie cell-plate; the course of the nuclear Uirendw in the 
derivative nuclei; i, longitudinal extension ; Zr, nuclear spindle, on the right, in profile, 
on tlie left, from its extremity ; I, separation of the segments, on the left soon in pro- 
file, on the right from, the extremity 5 m, formation of the cell-plates, i^Strashurger.) 
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direction of the lines of fission. It is possible to distinguisli 
differences in the mode of division which are fairly charac- 
teristic of Angiosperms and Gymnosperms, of Monocotyledons 
and Dicotyledons. Although the morphology of the tissues 
involved and the course of development are not yet completely 
understood, it may be said that the formation of pollen-grains 
sr^gests throughout, the mode in which the male elements are 
produced in the higher crj'ptogams. 

(2) Changes in the Nucleus. The following suggestions by 
Strasburger for demonstrating the nuclear changes in pollen- 
grains can be applied with few modifications to all cases of cell- 
division : Place the young part, in this case a very young 
anther, in a solution of methjTgreen in acetic acid, and subject 
it to slight pressure by which the contents of the anther-cells 
will be discharged. Those parts susceptible of staining will take 
the color readily and the different stages can be followed out sub- 
stantially as shown in the figures. For the staiuing-agent above 
mentioned the following may be substituted, — gentian-violet in 
acetic acid, or nigrosin with picric acid. Preparations made with 
the latter can be preserved in glycerin without^ losing color.^ 

Another and better method is to place sections of the tissue 
which has been kept for a few days in absolute alcohol, in an 
alcoholic solution of safranin, and after twelve hours wash with 
absolute alcohol ; then transfer them to oil of origanum and 
thence to a thick solution of Damar in turpentine, for mounting. 

By the safranin the delicate threads of the spindle are not 
much colored ; they take, however, a good color with hmmatoxy- 
lin. Other combinations of coloring agents give good resultsd 

1001. Cell-division in plant-hairs. The stamen-hairs of Tra- 
descantia Virginica afford excellent material for this examina- 
tion. The last or upper three cells while still young are capable 
of division. If the very young hairs are transferred carefully to 
a slide on which is a three per cent solution of cane-sugar, tln^’’ 
will continue the process of cell-division as shown in Fig. 16/. 
If the specimen is a good one, and has not been much injured 
during its removal, it will remain active for several hours. 

All the examinations of cell-division require the use of high 
powers of the microscope, none being better for the purpose 
than the so-called homogeneous immersion lenses. 

1002. The direction in which the new cell-wall is laid down at 
the point of growth has been exhaustively examined by Sachs. 


r Das hotanlsohe Praoticum, 1884, p. 598. 
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illustrated hy 


i “ The rcdations of the |>eri(dinal and anticlinal jdaiies are 

the following cases ; — . . 

(a) If the outline (in longitudinal section) of the growing ]>oint is a 
ola the peric.linals will constitute a system of confoeul psTaholas of d; 
parameter, th(‘ focus of the system iMung at the point of intcrse(ttu)ii 
lines of whi(di one is the dire*!lion of the axis and the other ot the pas'i 
In this easci the aiitieliiials, being the orthogonal tnvjectoriBs of the imn 
constitute u system of , -on focal parabolaB, the axis and focus of wimdi <■ 

with tliose of the poricliuiils. i » -i • r 

(h) If the outline of the growing point is a hyperbola, the penelun 
be confoeal hyperbolas, with tlie same axis but ditferent laraineter ; 11 
clinals will he confoeal ellipses, with the same focus and axis as tb.' pene^ 
(c) If the outline of the growing point is an ellipse, the iK'nelimils 
confoeal ellipses ; the anticlinals will he confoeal hypertolas { Absun 

Fig. 107. Twadescantia Yirginiea. Process of cell-division in the stain, 
with a quiescent nnelens in the lower cell, and In the nPI*t. ^ a tu 

ished its division; 6, nucleus showing a coarse granular strnetme will a Itu 
inm- arran"ein.’nt of the larticles. The .irawlngs from c toS inelnstvo ex 

different stages of cell-.ii vision at the w'- i U lu 

/;'ia20: e, 10.‘25;/, 10.30: 10.35; 1040, i, 1(U50, j, ILIO, 
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L PericUnal^ those which exhibit in longitudinal section 
curves in the same direction as the surface. 

2. Anticlinal^ those which cut the surface and the periclinal 
walls at right angles (forming a system of orthogonal trajecto- 
ries for the periclinal walls). 

3. Baclial^ those which pass through the axis of growth and 
cut the surface at right angles, 

4. Transverse^ those which cut both the axis of growth and 
the surface at right angles. 

1008. Growth of the cell-walL When the new cell is formed 
it undergoes changes in size, and often in shape and thickness. 
If it increases in size regularly at all points of the surface, it 

preserves, of course,, its. 
original shape ; but if its 
growth is irregular at 
different points, great 
modifications of form re- 
sult. 'Pollen-grains afford 
instances of the former 
method of growth, while 
the latter is seen in the 
multicellular organs, for 
example stems and leaves. 
At the growing points of 
the stem and leaf the 
cells wdien first formed are 
nearly alike in appear- 
ance ; but wide differ- 
ences are soon presented. 

The growth of a cell 
in size may be terminal, . ■ 
when it gives rise to 
elongated forms'; or lo- 
calized at a point, line,, 
or zone, when projections ' 
and sw^eliings of various kinds are produced.^ 



Arbeiten des botan. Inst, in Wiirzburg, 1878, in appendix to Text-book, 2<i 
Eng. ed., p. 951). 

The student should also read Sachs’s Vorlesiingen, 1882, pp. 523-557. 

^ These have already been sufficiently considered in the histological part 
of this volume, and it is not necessary to again call attention to the adaptations 
of the resultant structures to their reR]iective kinds of woih in the organism. 

rm /i thread connecting plant witli short arm of lever a z, 

ihe weight of long arm balanced by movable weight at 1% ( Pfeffer.) 
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1004. MmmiTmiimt of growth. In some cases it is Tery easy 
to make direct measurements of the -amount of increase in vol- 
ume ; but ill general it is necessary to employ some form of appa- 
ratus by which the amount can be more or less exaggerated by 

a multiplier. ' 4 . 1 ■ . 

Several forms of growth- measurers-, or auxanometers,^ nave 
been devised for attaining tliis end. The simplest consists ot 
a fixed arc of large radius (see -Fig. 168), on whlclwi delleatc* 
arm moves up or down according to the direction in^ wbicli a 
small wheel at the centre, to whicli the arm is attached, is moved 
by the action of a thread fastened to the plant. Care iniisi be 
taken to balance the arm as xierlectly as possilik, ^in order to 
prevent any strain on tlie plant by the weight of the liitkix,. 

This form of apparatus is well adapted to demon st]*atiun UcIok* 
a class; and if a rapidly 
growing seedling or strong. 
scape is chosen for experi- ^ (( 

nient, the movement ot the j 

arm through the arc in an 
hour will^ b siiilicieiit^^^to^ be 

tion of tlie a].)paratus by 
Professor Bessey reduces pi:,®::: :2)o« 

its cost to a mere trifle. : jj 

Both the arc and its sup-^ Ijl f w' l ® 

X}orting radii are made of p|||B| | ^ 

strong inanila paper; the H mI 

wheel is a coinmou spool, IA'j'to h ^ 

and the arm may be a slcn- I 

1005. lleeording Anxaiio- ' ^ 

meters, 

registering growth, several ■ 

ap|)lications of the clirono- 

gra|:>li ' have been made. , 

' One of the most satisfactory , i69 ■ 

l”«eVc«tS p.,«r UPOP whiPha 

.Tedle, attached to tl.e end of a balanced thre ad passing over _a 

the small wheel at x, and over wheel r. The eyiinder is earried nmiid 

“wla"chTL^^ hy the pendulum weight ati). (I'fOter.) 
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wheel, leaves its trace as it ascends or descends. The wheel is 
caused to move by means of a second balanced thread which 
passes over its axis, and which is fastened at one end to the 
growing part of the plant. 

1006. Pfeffer’s modification of this apparatus provides that the 
cylinder shall turn a short distance at regular intervals of time, 
so that the line made by the needle becomes interrupted and thus 
exhibits the appearance of steps ; in which the height of the step 
represents the total ascent or descent of the needle during a 
given time, while the other line of the step merely marks the dis- 
tance through which the cylinder moves at the close of one of its 
intervals.^ ■ . 

1007. Examples of very rapid growth are afforded by many 
fungi ; for instance the common puff-ball, which increases enor-r 
rnously in size during a single nigiit. 

Shoots of bamboo have been observed at Kew to grow at the 
rate of two to three inches in the twentj’-four hours ; and in its 
native habitat, Bambusa gigantea has been known to grow more 
than ten inches a day. 

The expansion of the leaves of Victoria regia is extremely 
rapid, under favorable conditions reaching foot in the twenty- 
four hours. The scapes of man}' plants develop at a rapid rate, 
and afford excellent material for practice with the auxanometer. 

1008. Conditions of growth. Vegetable growth does not take 
place unless there is an available suppi}' of assimilated matter, 
access of free ox 3 'gen, and a sufficiently high temperature. The 
assimilated matter may be furnished to the growing parts di- 
rectly from green tissues, or from reservoirs where it has been 
stored up. In either ease it must come in a state of solution to 
the growing cells, and hence a certain amount of water is re- 
quired for the transfer. That the amount of water demanded is 
not necessarily large, is shown by the starting of shoots from 
bulbs, tubers, etc., in the spring, even when no water has been 
furnished from outside. 

1009. Although the process of respiration in green plaiits may 
go on for a time without free oxj'gen, as has been shown b}' the 
expeihnents described on page 371, there is no proof that growth 
occurs under such circumstances. In an atmosphere of hydrogen, 
nitrogen, carbonic acid, or nitrous oxide, — gases which are not 
in themselves harmful to plants, —growth does not take place, 
as has been proved by experiments upon seeds and seedlings. 
Detmer has shown that growth is immediately checked when the 
plant is deprived of free oxygen, but death does not ensue untE 
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after a considerable time. During the period of inactivity the 
plant is ready to respond at once to the influence of oxygen, 
growth being then immediately resumed. 

1010. If assimilated matters and free oxygen, both essential 
to growth, are abundantly supplied to a plant which is kept at 
too low a temperature, growth does not oeeiir. The' miiiiiiiinii 
lii;nit for growtli is different for different plants, and is not the 
same for all organs. 

Again, it must be noted that there is a maximum limit of tem- 
perature above which growth does not take place, and this limit 
is also diffei*ent Ibr diflhrent plants. Between tlie lower and 
upper limits there is, for the plants which have been thus far 
studied with respect to the effect of heat on growth, an optimum 
of temperature at which growth is most rapid. 

101 1 . Belations of growth to temperature. The minmium tem^ 
pemtm^e required for growth is gm’ierally much higher fbr plants 
of warm regions than for plants of cold 
climates, and there are wide differences 
even among plants belonging to the same 
climate. A few of the earliest spring 
plants begin their growth at or very near 
the freezing-point of water : it is thought 
by some observers that growth may, in 
a few cases, take place even below this 
point. Kjellmami states that the ma- 
rine algm at Spitzbergen continue to de- 
velop their thalliis during the polar night 
of three months, and tliat most of them 
daring this time produce their spores, 
the temperature of the sea-water being ■ 
on the average one degree below zero, 

Centigrade.^. 

■ But, on the other hand, many, of the no ■ 

tropical plants ^ cultiv,ated in hot-houses 

cease growing when the temperature falls below. 10® or 15® C. 

. lOlk The maximum temperature .for. growth- is aswMe in its 
range for different plants as the minimum. Aside from the 

1 Comptes Eendiis, Ixxx., 1875, .p. 174. . See' .also Falkenbarg: Die Algea 

■ iin weitesteii Siiiiie, ill Schenk’s Botanik 5 

2, gee De Candolle : Pliysiologievege tale, 1832. . . 

■ Fig. m. .Boiible-walled metallic box for toping microscopic objects at a #yen ' 

temperature wliile under observatio-ii. . (Sachs.) 

' 25 
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instaBces of plants growing in hot springs, it may be said to 
lie at or very near 50® C. The figures obtained by Sachs for the 
common plants he experimented upon are in general between 
36® and 46® C. It is a curious fact that some tropical plants 
are not capable of bearing a higher temperature than a few 
plants of cold countries,^ 
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1013. The optimum temperature foT growth lies in most cases 
between 20® and 36° C. 

1014,, The following table, compiled b}" Pfeifer, exhibits at a 
glance the cardinal points of temperature as they have been 
determined by four observers: — 


^ Pfeffer: Pfianzenphysiologie, ii, 1881 , p. 123 . 

Pig. 171. Apparatus for keeping seedlings in a constant temperature The drum at 
d Is an ordinary thermo-regulator by which the flow of illuminating gas can be controlled 
withm narrow limits To insure still greater control, the more sensitive regulator, f , 
Is also employee!. The cylindrical vessel, has double walls, the space between them 
being filled with water. Under this vessel a very small burner is sufficient even 
ojitmmm temperature. (Pfefler.) 



Temperature for Growth. 


Name of Plant. 


Observer. 


Minimum. 


Optimum. 


Maximum. 


8a(!]is.i 

Do < ’ainlollo.'^l 
Do Vrias.^ , 
I)e ( aialullo. 
l)(^ Vries. 

Oc ('lurlolle, 
!)o Vrie>. 

Do ( 'aiid< 

8u<*1ih. 

Ko}t}HUl. 

Kdji[K,;ii. 

Sarljs, 

IvMjtjH'n. 

D<;‘ < 'audolle. 
.Sachs. 

[)«.'! i'ainlolle. 


Triticum vulgare , . 

Hordeiim viilgare 
Sinapis alba ’ . , . 

Lepidium sativum . 

Li iiiim usitatissimii in 


37.7 
i 28.0 
I over 37.2 
28, 

below 37.2 


Trifoliiim repens . . 

Phaseolus multitionis 
Pisiini sativum. . , 
Liipinus all)iis „ . 


Zea Mais 


Cuciirbita Pepo , 
Sesamum orientale 


1015. Relations of growtii to light. It is only under the; influ- 
ence of light that the plant can prepare troin inorganic matter 


^ Text-book, 2d 'Eng, ed., p. S30. 

2 Wanne uikI Pfianzensaebstbum, 1870, p. 43. 

^ Bibliotlieciue universelle’ d. Geneve, Archives de.s Sciences pbysicpies, 
xxiv., 1865, p. 243. 

^ Materiaux pour la coniiaissance de I’iiifiueiice de la temperature stir les 
plantes, Areliives Ncerlandaist.^s, v., 1S70, p. 385., 

Kb])pe.n lias given an instructive talde wliicli exldbits tin; relations of 
growth to temperature in a IV-w common plants. Tim liguo'S dlenot e the growth 
in forty-eight hours of the whole <le.seemling axi.s of caeli plant.h't. 


Pisum 

sativum. 


Tritir.iim 

vulKstre, 


albus. 


Temper ature. 


Zea Mais. 
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Fig. 172. Growtli of gourd ia liglit aad darkness. ( Sacks.) 


materials for its growth ; but if an adequate amount of assimilated 
substance has been stored up, growth can go on in the dark until 
this store is exhausted. It is, in fact, in the dark that nearly 
all vegetable growth takes place. It is well known that all the 
points of growth in the ordinary higher plants are more or less 
protected from the action of light. Thus, the growing tissues of 
huds are concealed beneath external structures; so also is the 
cambium by which dicotyledons increase in thickness. 

1016. When, however, a shoot develops in darkness it is apt 
to become much more attenuated tlian when it develops in light ; 
its leaves are etiolated, and of abnormal shape and diminished 
size. Such shoots are said to be drawn.” 

1017. There is considerable difference in the degree to which 
different parts of plants are affected by the withdrawal of light, 
and there are also differences in this respect between different 
species. The effect of darkness upon shoots is well shown by 

the simple experiment 


of conducting a branch 
of some strong plant 
like Tropmolum or a . 
gourd into a dark box, 
all its other leaves be- 
ing kept in the light. 
The effects are more 
striking when the shoot 
is a flowering one ; 
the internodes will be- 
come much drawm, the 
leaves will be small 
and blanched, the calyx 
will be pale, but tiie 
rest of the flower will 
be , hardly affected ■ 
either in shape or size. 
It, sometimes, happens, ; 
however, that the flow- 
ers will be abnormal. 

. All growth is. accom- 
Caii ■ 


1018. The relations of growth to oxygen, 
panied by the oxidation of assimilated substance, or food, 
growth be stimulated by furnishing to the plant a larger amount 
of oxygen than it would obtain under natural conditions ? This 
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question is^ not positively answered.- by an}*' experiments. It 
lias' been shown that some plants grow, for a time at least, more 
rapid!}' ivlien the}' are subjected to a slight increase of pressure of 
the atmosphere by which, the}’ are surrounded ; but there are also 
, a few cases which indicate that some" oilier plants ina}'grow niori.‘. 
rapidly under a diminished pressure. 

Theb' resting’’ state of some plants; cannot be shortened by 
any increase in the amount of ox}'gen. furnished ; it is only after 
the normal time of rest has ended timt Jiny growth begins. 
When periods of rest cannot be disturbed by any ordinary change 
ill the siuTouiidings, they may be held to be conservativtN si nee 
they are generally correlated with the eliuiatie conditions of 
peril from cold, or from dryness, under which these plants 
naturally live.^ 

1019. Periodical ciianges in the rate of growth. Even under 
external conditions which are as nearly constant as possifile 
growth is not quite uniform in its rate. Thus, an (evlencling 
internode grows in length at first slowly, then with gradually 
accelerating rapidity imtil a maximum of growth is reached, 
Irorn which point the rate declines until with maturity of the part 
growth ceases. The line of growth, when given gnqihicalh’, is 
a curve known as the great curve of growth ; and tiie period of 
rise and decline is the grand period, to distinguish this from the 
minor periods of accelerated growth, which appear on the curve 
as small fluctuations. 

1020. Properties of new cells and tissues. Newly formed cells 
are generally characterized by the possession of a certain amount 
of tnrgiditj ; the young cell-wall exerting more or lem resistance 
to the expansive contents within. The contents are thertTort^ 
compressed to some degree by the confining wall ; ike a<;tion 
and reaction varying, of <ionrse, with changes in the surroundings. 
If a part of its water be withdrawn from the cell, tlie com- 
pression is materially lessened'; while,; on the other hand, an 
increase, in the amount of water most augment it. 

1021. .These features .have been recently re-examined l)j De 

' Vries,' who has suggested a quantitative method for detemilnirig 
the; amount. of turgiditj at any given time. The method, when 
reduced to its simplest terms, consists in the use of solutions of 



mm 


^ For a very curious accoun t of experiments upon the influence of electricity 
upon growth, the student should see Grandeau : Be rinflueiice de relectritdtc 
atmosplieriqiie sur la nutrition des vegetaux, Annales de Chiniic et de Phy- 
sique, ser. 5, tome' xyL, 1879,' p.. 145. 
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salts of known strength in which the tissues are placed, and 
which are then allowed to act upon the contents of the cells. 
When the solutions are more dense than the fluids in the cavity 
of the cell, an exosmotic action withdraws a certain amount 
of the water from the cell, causing thereby a shrinking of its 
contents which can be easily observed under the microscope, or 
noted by curvature of the whole section. The method permits 
tlie experimenter to ascertain within narrow limits the density 
of the contents of a given cell, and to determine the relative 
degree of turgidity in different cases. When a cell undergoes 
no change of form upon being placed in a solution of a given 
strength, that solution is taken as a measure of the density of 
its contents.^ 

10'22. Tensions in cell-w'alL There may frequently be observed 
a t(‘iision of different layers of the cell-wall. This can be easily 
demonstrated by making thin sections of any succulent tissues 
from which cells can be readily detached ; a curvature tvill be 
detected at the moment of cutting. 

1023. Young cell-walls are elastic to a certain extent; but 
their limit of elasticity is easily exceeded, and then they remain 
in the stretched condition. When an internode is strongly 
stretched in the direction of its length, it undergoes permanent 
elongation. This elongation may amount in some cases to three 
or even five percent; whereas the temporary extension in the 
same instances may range from seven to seventeen per cent. 
The extensibility diminishes, wdiile the elasticity increases, with 
the age of the internode. 

1024. From his experiments Sachs draws the following con- 
clusions regarding growing internodes : ( 1 ) After flexion they 
do not completely recover their straightness ; (2) one vigorous 
bending, and to a still greater extent repeated ones in opposite 
directions, leave the internode flaccid, or deprive it of its rigid- 
ity ; (3) when growing in ter nodes are sharply struck, there is 
a sudden curvature, the concavity of w^hich lies towards the 
direction of the blow.**^ 

1025. Tension of tissues* Under the ordinary circumstances 
of grow’th walls of young cells continue to be somewhat elastic 

1 Plasmohjsis. For a full account of the quantitative action of numerous 
plasmolytic agents the student should consult De Vries’s paper in Pringsheim’s 
Jahrblicher for 1884, where the effect of potassic nitrate and other substances 
upon the protopJasinic film is detailed at length. In the Laboratory at Cam- 
bridge, Mr. Puffer has confirmed most of De Vries’s observations. 

2 Sachs: Text-book, 2d Eng. ed., 1882, pp, 784-788. 
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and hence exhibit distinct tensions. If there is a marked dil- 
ferenee in the rate of growth between the internal and the ex- 
ternal cells in any organ, as is the ease in most young shuns, 
the more superficial tissues are stretched to some extent by the 
internal ones; hence arise tensions of tissues, the organ in 
tins state being in a balanced condition, in which the cqnilibriinn 
can be disturbed by slight external or internal causes, 'i’he 
following experiment exliihits the phenomenon of lAUision very 
strikingly: From a long and thrifty young internode of grape- 
vine cut a piece which shall me.asitre exactly one hundriMl units, 
for instance, millimeters. From this section, wliieli measures 
exactly one hundrial millimeters, careliilly sepanifa' the epi- 
dermai structures in strips, and place the strips at once under 
an iin'crted glass to prevent drying; next, separate the pitii in 
a single unbroken piece wholly freed from the ligneous tissue. 
Finally, remeasure the isolated portions, and <ympare with the 
original measure of the interiiode. There will be tbaiid an 
appreciable shortening of the epidermal tissues and a rnarkml 
increase in length of the pith.’ The young ligneous tissue is 
'0*eiierallj shortened - by its release, but this result is n no 
means constant. The most astonishing feature is tlie great 
difference which exists between the length of the external tis- 
sues and that of the internal tissues which up to the period 
of isolation they had compressed. The external parts had been 
plainly stretched to a certain extent, while the internal had 
been as obviously confined by them. The tensions are not only 
in the direction of the length, but arc also transverse. Similar 


tensions are to be found also in foliar, organs. 


But there are 


1 Tim Ibllowini; table exhibits tim remarkable diffenmees m iensma bo- 
tween the outer and the inimr parts of young shoots of ISm.otiana a M.-mn. 
liaeh internode is tirst cut -squarely oH' at botli ewls ami then careful J sh < 1 
leiiotliwise so as to separati! the l«irk, wood, and pith from ciu-h otliu. > 
iHisiim the length of the whole internode to be one Imndred miits, 
of dm cortex ^ill fall short of this, while tluit of the pith wdl consider, d.lj 

■exceed it. , 


Kiiniber of the Internode, 
couutin.g from the youngest. 

Length of the Isolated Tissue. 

Cortex. 

WocHlypart. 

Pith.,' 

V.-VII. . . - « • • . • *' 

' Till. -IX. ^ • • .• 

x-xi.. 

91.1 

96.9 ! 

96.5 

99.5 

’ f«.5 ■ , 

M.9 
■9S.5 ■ 

99.5 

I ■ 102 9 

103 5 

100.9 

102.4 ' 
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some parts, as for example most roots near their extremity^, 
which do not exhibit this phenomenon. 

1026. €}eotropism. Suppose a ^’oung shoot to possess the ten- 
sion already described ; let this be placed, while growing, in an 
horizontal position. In consequence of its position the iiiitri- 
ent fluids will, from the force of gravitation, have a tendency 
to collect in greater amount in the cells upon its under side. 
Their presence on that side will not only cause an increase 
of turgescence there, but will offer to the growing cells a larger 
amount of available material for immediate use in growth,. 


gation of the tissues on the under side, and hence a curving up- 
wards will occur, which finally results in the assumption of the 
erect position by the organ in question. 

1027. If, on the other hand, the organ possesses little or no* 
tension, it is conceivable that the growth would result in a cur- 
vature of the extremity towards the ground ; this is seen in the 
case of roots. The same factors produce an upward curvature 
where there is marked tension of tissues, and permit a down- 
ward curvature where there is little or no tension. It is a sig- 
nificant fact that in the case of certain branches from roots the 
direction of giwth is oblique. 

1028. Organs which turn towards the earth are termed geo- 
tropic/ those which turn upwards are apo geotropic / those wdiich 
pursue in their growth oblique directions have been termeci 
diageotropic, 

1029. Heliotropism. .. It can be shown by exact: measurement 
that in many cases light, especialty the more refrangible part of 


Fig. 17a VidaFaba. Descent of root into mercury. (Sacha.) 


HELIOTEUPISM. 




the speetnimv. lias a retarding effect upon, the growth of eertniii 
parts, — for instance, iipori.that of shoots, —exhibiting itself 
in the enrvatiire of the part towards the side of greatest illu- 
mination. Such eiirvatiires are said to he heliotropic. It Is, 
however, well known that the shoots and some other parts of 
a few plants turn away from the light '; such are teruHHl 
apheliotropic} 

1080. Little is known positively as to the nature of the inllii- 

ence which light exerts upon growth. Tlie studies of \’ines 
have .shown that the inttuence is largely diie to the ion 

'of the tiirgescen.ee of growing cells. The conditions of growing 
and of contractile cells are in some respects tlie same. Turgldity 
is essential to the proper foltilinent of tiie linictions of bolli, and 
it has lieen shown that light has the power ol* inhibiting, move or 
less completel};, the activity of both. Tiie most general ease of 
the action of light upon, growing cells, has been, shown to be a 
diminution in the rapidity of their growth. The cell with, dimin- 
ished or arrested growtii may be fairly compared with one - of the 
cells of a rigid motile organ. In both, the. uhcelhe of tlie pro- 
toplasm are inn state of stable equilibrium so that they do not 
3ield, ill the former case to the force which tends to separate 
them, namely, the pressure of the cell contents, and in the latter 
to the force which tends to bring them nearer together. Tlie 
theor}^ that the action of light upon growing cells and upon those 
of motile organs is due to such a modification of the rcdatioiis 
existing between the micelhe of the protoplasm that the mol nlity 
of the micelhe is diminished, thus gives a satisfactory explana- 
tion of many phenomena which at first sight seem not to have 
much' in common.’**'^ 

1081. Hydrotropisim It has been shown by several expc‘rl- 
Tnenters that rootlets when developing in moist air deviate 

towards a moist surface, T.iiis phenomenon, which has been 
examined in detail by 'Sachs, . is 'termed Ilydrotropmn. The 


■ r .In order to examine the effects of the different parts of the sj^ctrmn npon 
the gro'wth and movements of plants, the student should 'cultivate in cawjB of 
glass of different .colors two or three seedlings, as many bulbous plants, and 
some well-rooted cuttings of hardy house-plants, for instance Pelargonium, 
Observe whether the growth is more or less rapid under blue glass, and note 
whether all the seedlings eircumnutate in the same manner in the different 
cases. It should he borne in mind that the bulbous }>lant as it starts has a 
generous supply of available; food, whereas the seedling has a more souuty store, 
and the cutting very little. 

2 j^rbeiteii lies hot. lust, in Wurzburg, 1878, p. 147. 
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accompanjing figure shows an easy method of demonstrating 
this mode of governing the direction of growing roots* 



1032. Therinotropisin. As might be expected from what has 
been said regarding the tensions of tissues and the facilit}" with 
which their balance is disturbed, the effect of warmth in goveui- 
irig the direction of a growing organ must be considerable. ^ Cur- 
vatures dependent upon temperature are called thermotro^^ic. 

1033. Assumption of definite form during growth depends, of 
course, chiefly upon inherited tendencies; but there have been 
experiments which show that to a slight extent it may be pos- 
sible by external inflnences to induce special shapes of growing 
structures. Among the most interesting of these are the expeii- 
ments hy Pfefler ^ upon the growth of bilateral organs in some 
of the lower plants, especially' Marchantia ; by De Vries upon 


^ Arheiten des hot. Inst, in Wiirzhurg, 1871, p. 77. 

2 Axheiten des hot. Inst, in Wiirzhurg, 1872, p. 228, 

FiO. 174. Roots of seedlings affected by moisture during tbeir descent. Tbe^ap- 
paratns consists of a network frame filled with moist sawdust in wMcb tbe seedlings 
germinate. (Sacbs-.) 
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.bilateral ..symmetij ; . by. Voehting^ upon the modii cation ■ of 
foliar and axial organs. 

1084. The aiiioiiiit of force which is exerted by certain organs 
during their growth lias been accurately ■measured for «)nly a few 
cases, .Thus Darwin ‘ found that- the -transverse growtli of llie 
radicle of a germinating bean was able to displace' a weight of 

grams, or 8 lbs. 4 oz., and in another instance, 8 Ihs. 8 o%, 

'•* With these facts before us dbere semms little diOk^ in under- 
standing ho w’' a radicle penetrat(\s the groinKb The apeex is 
pointed, and is protected liy the root-cap; the terminal growing 
point is rigid, and increases in length with a, force cqna.b as fai" 
as our observations can bo trusted, to the pressure of a,t h^ast a 
quarter of a pound, ].)ro])ably with a much greater fort'e when 
prevented from bending to any side by the suiTounding earth. 
Whilst thus increasing in length it increases in tliickness, push- 
ing away the dam[) earth on all sides, with a force of above 
eight pounds in one case, of three pounds d.ii - anotiier case. 

. . . The growing part does not therefore act like a nail when 
hammered into a board, but more like a wedge of wood, whicii, 
w^hilst slowly driven into a crevice, continually expands at tlse 
same time by the absorption of water; and a wedge thus acting 
will split even a mass of rock.” 

By means of a frame'work placed around the fruit of a vigor- 
ous squash kept under conditions most favorable to its rapid 
development, Clark® estimated the force exerted by growth to 
be about 5,000 poonds. 

1085. .That external pressure can retard, growth is well shown 
b}" the experiments of I)e Yries ^ upon the formation of autumn - 
wood (see page 1.88}. By i.n.creasing the externa! pressure ex- 
erted by. the . bark lie was able to diminish the calibre of the 
wood-cells and ducts ; whereas, by diminishing the pressure (by 
ii.iaking longitudinal incisions into the bark) he, was able. to 

1 Bntariisc’lK*. Zeitiing, 1880, p. 59S. 

2 Power of MovnjjKmt in Plants, 1881, p. 76. 

2 .For a full account of tills experiment, see Report of the Secretary of tli© 
Massaclmsetts Board of Agriculture for 1874. . 

The great forc <3 exeided by the increase in size of the stems and roots of 
woody plants is sometimes demonstrated in an extraordinary maiium* by the. 
development of seedlings in crevices. Thus, at the Marien Cemetery in 
Hanover, Germany, the, base of a tree has di.slodged the heavy, stones of a 
■strongly .built tomb. One of the stones, whkdi measutes 23 X 28, X 56 inches, 
.has. been lifted upon one side to the. height of five .inches. The tree measures 
Just above its base from ten to fourteen in chesdn diameter. 

Flora,: 1872, p. '241.. 
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considerable enlargement of the similar elements. Fur- 

servations led him to the conclusion that the striking 
3es between spring and autumn wood, upon which the 
rings depend, are due to the greater pressure which is 
by the bark in the latter part of the summer. 


CHAPTER Xril. 


MOVBMEKTS. 

10S6. Most of the movements exhibited bj plante are asso« 
elated with growth. In the preceding chapter attention has 
been called to some of these movements, especially those which 
are elmracterized by a change in ' the direction of growing 
parts (see Geotropisrn, Heiiotropism, etc.). In tlie present 
chapter it is proposed to examine contiimouB and r(*euiTent 
movements, and indicate to what extent these are likewis(^ the 
accompaniment of growth. 

In the existing state of knowledge no satisfactory elassiica- 
tion of the movements of plants can be made. The provisional 
one now to be followed is adopted only for convenience. 

1037. Locomotion, or movement of the whole organism from 
place to place, can be observed in some of the lower plants. 
One of the most interesting examples is furnished by JEthalinm 
septiciim, which at certain stages of its existence consists of 
approximately pure protoplasm in a naked state. Under favor- 
able conditions this naked mass (the plasmodium), which fre- 
quently attains considerable size, passes in a creeping iBanner 
over a moist surface, thrusting out processes in an apparently 
irregular manner, sometimes retracting them, but more often 
bringing up^ to the advanced part the rest of the uneven mass. 

The sensitiveness of this . mass to the action of external influ- 
ences renders it a suitable object for tlie -examination of the 
essential properties of protoplasm, and many of the mom im- 
portant facts relative to its movement have therefore ■ already 
■■been given (see 550). It is important to notice parttcularh' that 
there is a rhythmical pulsation' of the sap-cavities or vacuoles in 
.the plasmodium, dependent, 'it is supposed, upon the iiTegiilar 
absorption of water with a varying imbibition power. This spon- 
taneous pulsation is somewhat affected by ■ external conditions ;■ 
for instance, it is increased in rate by heat and diminished' by 
cold. 

1038. Portions' of protoplasmic matter concerned in the repro- 
duction of many of the lower plants, especial!}' those which 
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Fig, 175. Cifc«lation of protoplasm in hair of Goirrii. (Sachs.) 


live wholly in the water, as the algJB, have the power of inde- 
pendent locomotion. This is exhibited strikingly in the motile 
spores, which are provided with cilia, and can thereby propel 
themselves from place to place with considerable rapiditj^ Sim- 
ilar independent motion is shown also by the antherozoids of 
inany of the lower and even some of the higher cryptogams. 

The protoplasmic movement by which such locomotion is 
secured is essentially identical with certain ciliary movements 
observed in the animal kingdom. 

lOoD. It is a familiar fact that some minute algm, furnished 
either with walls of cellulose (Desmids) or cellulose impregnated 
with silicic acid (Diatoms), possess the power of motion, but 
the cause is not well imdei'stood. In the case of the skiff-shaped 
diatom the motion is somewhat spasmodic, and the course of 
tlie organism tlirough the water is not in a straight line, but it 
is nevertheless enabled to traverse a considerable distance in a 
short time. Owing to the absence of any distinct cilia, it is 
difficult to conceive the mechanism of propulsion. According to 
Max Schultze there is a minute slit on 
the under side of the motile diatoms, and 
through this slit a delicate lilm of proto- 
plasmic matter projects. contact of 
this motile film with surrounding objects, 
the diatom, as it is supported in the 
water, is transported from place to place. 

These three cases of locomotion, name- 
ly, of (1) naked protoplasm, (2) of ciliated 
structures, (3) of apparently closed cells, 
do not exhaust the list of instances of 
motion of vegetable organisms from place 
to place ; other cases are referred to the 
succeeding volume upon the lower plants. 

1040. The lEOvenient ef protoplasm with- 
in cell- walls has already been sufficiently 
examined (see 546) ; but attention should 
now be called to the fact that chlorophyll 
granules (which are alwa^’S embedded in 
the protoplasmic mass) frequently assume 
at night, or when a portion of the leaf is 
darkened, positions different from those 
which they have during strong exposure to light. This change 
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of position is well observed io the thin leaves of some mosses, the 
grains generally (1) gathering on the side walls under bright light, 
but (2) occupying the upper and lower faces of the cells when 
the mtensit}’ of the light is . much diminished. -. The first mode 
of arrangement is termed apostrophe^ the mmwl eptsfroph d 
1 04 1 . Hygroscopic iiioveiiieiits are dependent- upon the prof r* i1 y 
possessed bj- dry vegetable tissues of swelling more or less iindc‘r 
the iiifliience of inoistore. They are most strikingly exhihit<*d in 
the case of siiiiple parts,' like tlie filamentous' appemlages of the' 
spores of Eqtiisetiim and the teeth of tlie 'peristome -of certain 
mosses, iK)ta!)iy that of Fniia'ria hygrometrica. '■ Tliey are also 
seen in the long appendages of . 
iiiany fruits; for example, in 

the awi'is of some grasses, in j , ^ ^ 

some Geraniacejn, etc., wiiere 
they serve the useful purpose of. ■' 
fastening the -fruit with its en- - 

closed seed, .in favorable' soil. . _ .■ 

When the fruit falls upon moist 

soil, it at 'first lies flat ; later, ^ I 1 

the extremit}^ of the appendage ■ ' t f 

and the tip of the fruit form 
fixed points in the ground ; and - 
then, as moisture is absorbed , , 

.b}' the dry. tissue, ,a' spiral .curva- ^ 

ture througlioiit the whole takes - ^ ^ 

place. .This continues to twist ' 
the tip of the fruit down, into ' ' 
the soil, much after the - fiisliion 

. of a corkscrew. This Idiid of -.' movement "is .most surprisingly 
shown in some of the grasses of - South Ame.rka, and in our 
, : .native. Stipa. 

In not a few instances the whole plant becomes relatively dry, 
rolling up into a roui'idish mass which ' becomes expanded again 
upon access of water. Good examples, of such action are £iflbrde< I 


1 In some cases the aggregation of the chlorophyll granules differs .sominvliat 
from that described in the text. For 'a diseiissioii of this subject, consult 
Frank (Botaiiische:,.Zeitimg, 1871, and .Pringsheim’s ' Jahrbaeher, dii., 1S72), 

' also Stahf (Botanische .Zeitung, 1880). . ' Sachs, ■ Prillieux, and , Paniiiitzin have 
contributed, much to the discussion. , 

. Fio. 176. Cross-section tlirougti the leaf of I.iemna triscnla, showing the }v»sition of 
the cMorophyll granules: J, during the day ; -B, .during '..expos'ure to strong light; C, 
during the night. (Stahl,) 
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hy the so-called Resurrection plant of California (Selaginella lepi- 
dopbjUa) , and by the Oriental plant known as the Rose of Jericho. 
The latter plant, when dry and shrunken into small compass, 
takes the shape of an irregular ball, becomes detached from the 
ground where it has grown, and may be blown about over great 
distances ; if it has ripe seeds, these are scattered during transit. 

1042. Movements due to changes in structure during ripening 
of fruits. The fruit of the common Impatiens, or Touch-me- 
not, affords a familiar instance of the movements of this class. 
As it approaches maturity, the valves of the capsule become 
tense, each one, so to speak, holding the others in place ; and 
when the}^ are disturbed b}^ even a slight touch the}" separate 
violently, and by their spring throw the seeds to considerable 
distances. In some cases the mechanism is more elaborate, 
notably in the cucumber-like fruit of Momordica Elaterium. In 
this the separation of the fruit-stalk permits a sudden shrinking 
of the whole pericarp and a violent escape of the seeds with a 
viscid liquid through the opening made by the separation. The 
seeds are projected considerable distances from the fruit. 

Hildebrand V distinguishes between (1) dry explosive fruits 
(such as Violet, Witch-Hazel, and Lupinus luteus), and (2) 
fleshy explosive fruits (such as Impatiens, Momordica, and 
Cardamine hirsuta) . 

1043. Eevolvmg movements, or Circujnnutation. The tips of all 
young growing parts of the higher plants, as well as the tips of 
many of the lower, revolve through some orbit, either a circle or 
some form of the ellipse, the latter sometimes being so narrow 
that it becomes practically a straight line. During its revo- 
lution a tip bows or nods successively to all points of the 
compass; whence the name nutation, or, as termed by Sachs, 
revolving nutation. Darwin, who re-examined the whole subject, 
has suggested a more general term, namely, circumnutation. 

Circumnutation depends on one side of an organ growing 
quickest (probably preceded by increased turgescence) , and 
then another side, generally almost the opposite one, growing 
quickest’’ ® 

1044. Owing to the fact that there are numerous instances in 
which the revolving movements are variously modified, that is, 

a movement already in progress is temporarily increased in 


1 Pringsheira’s Jahrbiicher, k., 1873, p. 235, where the whole subject is 
discussed in an interesting manner,- 

2 Darwin ; Power of Movement in Plants, 1880, p. 99. 



some OBe direction and temporarily diminished or arrested in 
other directions,” it has been found convenient to discriminate 
between circiiiimntation and inodified ci ream notation. Darwin 
divides the latter into two classes. ■ of movements : (1) those 
dependent on innate or constitutional cauBcs, and indc|)eiKlent 
of external conditions, except that the proper oiic^s for growth 
roust he present ; (2) those in which the modification dej^ends 
to a large extent on external agencies, such as the daily alter- 
nations of light and darkness, light, alone, temperature, or the 
action of gravity. It is plain tliat such a division cannot be ab- 
solute ; in fact, numerous. intermediate cases are known to (‘xlst. 


1045. Methods of observation of eireumnntation. For meas- 
uring the rate and determining the exact direction of the move- 
ments of circuinnutating parts when the parts are Braall and 
the movements slight, the following methods described by Dar- 
winl can he emplo^’ed in nearly all cases where it is necessary 
to magnif}" the amomit of displacement. 


^ Power of Movement in Plants, 1880, p. 6. 

Fig. 177 Angular movements of a leaflet of Averrhoa bilimtii during its evening 
descent, when going to sleep. Temp. 78-Sl°F. The orflinates represent the angles 
which the leaflet made with the vertical at successive instants, A faU in the curve 
represents an actual dropping of the leaf, and the v.ero line represents a vertically 
depen<lent position. Each oselllation consists of a gra4«al rise followed by a suddeu 
fall. {Darwin. 1 
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movements. 


A very slender filament of glass, made by drawing ont a tMn 
glass tube until it is no larger than a hair, is to be affixed to the 
tip of the I'oot, stem, or leaf under observation ; this is easily 
done by means of a quickly drying varnish, for instance shellac 
dissolved in alcohol. In order to mark the path made by the 
filament it is best to cement to the tip of the slender hair of 
glass a very minute bead of black sealing-wax, ^‘ behind which 
a bit of card with a black dot is fixed to a stick driven into the 
ground. The bead and the dot on the card are viewed through 
the horizontal or vertical glass plate (according to the position of 
the object), and when one exactly covers the other, a dot is made 
on the glass plate with a sharply pointed stick dipped in thick In- 
dia ink. Other dots 
are made at short 
intervals of time, 
and these afterwards 
joined by straight 
lines. The figures 
thus traced are an- 
gular ; but if the 
dots are made every 
one or two minutes 
the lines are more 
curvilinear, as oc- 
curs when radicles 
are allowed to trace 
their own course on 
smoked glass plateso” 
‘‘ Whenever a 
great increase of the 
movement is not re- 
quired, another and in some respects a better method of obser- 
vation is followed. This consists in fixing two minute triangles 
of thin paper, about one twentieth of an inch in height, to the 
two ends of the attached glass filament ; and when their tips are 
brought into a line so that they cover one another, dots are made 
as before on the glass plate.” ^ 


1 It is very convenient to employ large heU-jara, or hemispherical glasses, 
as glass screens npon which to record the dots indicating the position of the 
tip at any given moment. It must he remembered that in all these cases there 

Fio. 178. Tracing, showing the conjoint circiimnutation of the hypocotyl and cotyle- 
dons of Brassica oleracea during 10 hours and 45 minutes. Figure reduced to one hall 
original scale. (Darwin.^ 
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1046. Glreiiniiitttatioii In seeiliags. ' That part of the axis whieh 

is below the cotjlecloiis is made up of a rudimentary stem known 
as the or hypocotyl^ and a rnclimentarj root or raticide 

.proper. The part of the young stemlet above the cotyledons is 
termed the e27i€Otyl, In the cotyledons of the plantlet, wlicm 
freed from the , seed-coats, and in all parts of the young axis, 
slight movements can be observed. In all observations it is 
necessary to remove the plantlet as far as possible Irom disturb-' 
ing conditions ; thus, ail light must be excluded until the inoinent 
of making the . observation, when only a faint light should be 
empkiyed, 

1047. Two facts are easily apparent with regard totlie revolv- 
ing radicle: (1) its extreme sensitiveness to. contact ; (2) its ten- 
dency to yield to geotropism (see 1026 ). 

1048. The cmdicle^ upon emerging from the seed-coats, i,s 
often more or less arched ; but it may become ■ straight after a 
short time, when it can be seen to pass through an elliptical orbit 
by which the plane of the cotyledons is somewhat inclined suc- 
cessively to all points of the compass, Darwin has sliown that 
even before the liberation of the caiilicle from the seed-coats, when 
both columns of the arch are held in the soil, the top of the arch 
moves with considerable regularity. It is difficult to understand 
how the summit of the arch formed by the curved eaulicle can 
revolve when both of its supporting columns are fixed in the soil. 
Darwin has accepted an explanation suggested by Wiesner, 
which is briefly as follows : In a given internode (it must be 
remembered that the canlicle represents the first interiiode of 
the seedling, as shown in Volume I. page 9) there may be a zone 
in which the growth is equal on all sides, and wdiicli may he 
termed the zone of Indiflerent growth, while on each side of this 
there ma^^.be two others in which there is unequal giTwtli at 
intervals of time. Then by the faster growth on one side of llie 
arch the summit would be thrown to one side, and this process 


is more or less distortion produced by the best methods of ynojection, and in 
all accurate observations this must be taken into aoeoimt. 

When seedlings are inverted so that the glass filament is held upwards, it 
must be noted that the influence of gravitation must come in as a modiiyixig 
element. To mark the amount of inihience exerted by gravitation, it is well 
to vary the length and weight of the filament employed. But it iniist be oh- 
sarved that the weight of the organ itself is the most important element in the 
problem. Moreover, it has been observed that all young growing parts, espe- 
cially the extroMoity of the. radicle, are more or less sensitive ; and hence the 
course of the filariiont iiiav be somewhat modified by even slight contact. 


!■ 
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would sooner or later be succeeded by its reversal ; and thus the 

summit would be made to circummitate. 

1049. Darwin’s^ illustration of the movements of the parts of 
seedlings gives a clear idea of their sequence. “ A man thrown 
down on his hands and knees and at the same time to one side 
by a load of hay falling on him, would first endeavor to get Ms 
arched back upright, wriggling at the same time in all direetioiis 
to free himself a little from the surrounding pressure ; and this 
may represent the combined effects of apogeotropism and cir- 
cumnutation when a seed is so buried that the arched hypocotyl 
or epicotyl protrudes at first in a horizontal or inclined plane. 
The man, still wriggling, would then raise his arched back as 
high as he could ; and this may represent the growth and con- 
tinued cirenmnutation of an arched hypocotyl or epicotyl before 
it has reached the surface of the ground. As soon as the man 
felt himself at all free, he would raise the upper part of his body, 
whilst still on his knees and still wriggling ; and this may repre- 
sent the bowing backwards of the basal leg of the arch, which in 
most cases aids in the withdrawal of the cotyledons from the 
buried and ruptured seed-coats, and the subsequent straight- 
ening of the whole hypocotyl or epicotyl, circumnutation still 
continuing.’^ 

1050. The cotyledons not only share the movement of the 
caulicle, but the}^ have also an independent movement which 
is greatly modified by slight changes in the surroundings. Freed 
from their seed-coats, they move upwards and downwards in very 
narrow ellipses, and at different rates in different plants. Gren- 
erally their movement takes place only once in the course of the 
twenty-four hours : in Cassia tora, on an average, once in about 
two hours ; in Oxalis rosea, once in about three hours ; while in 
Ipomcea coerulea Darwin observed the change of position to occur 
almost hourly. It is noticeable that the cotyledons may change 
the direction of their movement slightly at different times of the 
day, and may thus have a zigzag course during a part of the day 
and a nearly regular orbit during the rest. 

1051. In some of the seedlings which have been examined with 
especial reference to their movements there is a joint or sw’'elling 
to be detected at the base of the petiole. This is the equivalent 
of the pulvinus commonly found in Sensitive plants ; changes in 
the position of cot^dedons provided with such joints depend, as 
in the case of sensitive leaves, upon variations in the turgescence 

^ Power of Movement in Plants, 1880, p. 106. 
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of the cells composing it, wiiiie changes in the position of cotyle- 
-doiis devoid of them are due to unequal growth. 

1052. ClrciimiiiitatioB of the 1 - 01111 ^ parts of nmtore plants. By 
methods similar to those described in 1045, it can be shown tliat 
the growing extremities of stems, branches, leaves, and their 
numerous modifications possess the power of movement; in 
sinnc instances exhibiting essentially the same plienoimma as 
tliose presented by the parts of the seedling, while in otlier cases 
they shovT differences at an early stage. The most striking of 
these differences is that observed in twining stems. In this case 
there is a greatly increased amplitude of tiie orbit through which 
the tip of the stem passes. Although only a special case under 
a general class, twining ' stems may . well receive a somewhat 
detailed description. 

1053. Twiiierg are distinguished from proper climbers by the 
absence of any special organs, other than the stem itself, for 

grasping sop- 

« ports ; climbers 

being provided 
■ with some sort' 
of tendrils, or 
, is held to its sur- 
5t cases of twiners, 
orning Glory, it is 
volving movement 
t; (2) only a few 
d ill the revolving ; 
3t twine around a 
a glass rod), but 
degree of rough- 
ize to tii.e suiiport, 
rtinerent lor ainerem; iwmers, beyond wliicth it 
cannot be grasped by the revolving stem; (5) 
the direction of the revolution is not the same for all twiners; 
(6) the rate differs with the plant and with the siiiroundings. 

1054. In the early state of a twining plant the movements are 
in. narrow ellipses ; but with even a slight increase in size of the 
■seedling, the transverse' axis of the ellipse becomes greater, and 
soon the orbit is practically a circle. 

1055. The number of internodes concerned in the twining 
movement is iisuall}’ not more than three ;or four,.- and sometimes 


Fig. 179. devolving shoot of Moruhig Glory* 
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only two are involved. The internodes below the seat of move- 
ment are rigid. The revolving is associated with growth, but 
the growth alone is probably not the sole cause of the move- 
ment. 

1056. It is only the young internodes w^hich are capable of 
spontaneous movement ; but growth itself, imassociated with 
changes in the turgescence of the tissues upon the diflerent sides, 
would not be sufficient to account for the movement. It must 
be remembered that the young stem possesses remarkable ten- 
sions, which are easily disturbed by slight internal as well as 
external causes. The increased turgescence of its cells upon one 
side, or their diminished turgescence on the other, or the action 
of both conjointly, followed as this is by an increased growth of 
the turgeseent part, would produce sufficient change in the cur- 
vature of the stem to bring about the twining movement. 

1057. When a twining stem comes in contact with a smooth 
support, it generall}’ slides up the support, but fails to grasp it. 
The check which is given by a smooth support sometimes brings 
about a change of position in the revolving stem, which is thus 
described by Darwin: '‘When a tall stick was so placed as to 
arrest the lower and rigid internodes of Ceropegia, at the dis- 
tance at first of fifteen and then of twenty-one inches from the 
centre of revolution, the straight shoot slowly and gradually slid 
up the stick, so as to become more and more highly inclined, 
but did not pass over the summit. Then after an interval suffi- 
dent to have allowed of a semi-revolution, the shoot suddenly 
bounded from the stick, and fell over to the opposite side or 
point of the compass, and reassumed its previous slight inclina- 
tion. It now recommenced revohfing in its usual course, so that 
after a semi-revolution it again came in contact with the stick, 
again slid up it, and again bounded from it and fell over to the 
opposite side. This movement of the shoot had a very odd ap- 
pearance, as if it were disgusted with its failure, but was resolved 
to try again.’’ I 

1058. Many of the common twiners of temperate climates are 
able to twine round very slender supports, for instance a small 
cord, but are unable to twine round a post or trunk of a tree. 
This does not, however, appear to be wholly dependent upon the 
amplitude of the revolution. In tropical regions some of the 
twiners ascend trunks of immense size, but they are generally 
assisted by adventitious roots, etc. 


1 Climbing Plants, 1875, p. 21. 


MOOmED CmCUMNUTATlON. 

1059. Any given twiner generally twines in one direction 
only ; for instance, the hop moves in the direction of the hands 
of a w'atch, or to use another expression, follows the sun ; the 
Morning Glory moves in an opposite direction. But there are 
some cases hi which the direction of twining is reversed even 
during a coraparativeU' short distance. In the tropics liiis 
reversal is said to be common.' 

1060. The time required for the revolution of a twiner varies 
in difierent plants, and is by no means constant for the same 
plant at difierent stages of its development. ^ In the case of the 
Morning Glory, the average time required for the revolution of 
a thrifty shoot under favorable! conditions is ulrout three lioiir.s. 

1061. Twiners are atfocted somewhat by the amount oi light 

received, but the revolving goes on uiiiiiterrnptedly night and 
day. The increase of rate when a revolving shoot is apin'oach- 
ing a window may be equal to a tenth, or somewhat more, of the 
whole period of the revolution. Such acceleration is very difier- 
ent for different plants. - 

1062. Modified drcuiimutation. The effect of the influoiutc of 

light in increasing the rate of movement in a twiner is a good 
example of a large class of modified movements. Those move- 
ments have already been considered in the cliapter on Growth,” 
under the terms Heliotropism, Geotropism, etc., but must be 
ao-ain referred to in connection with the universal movement, 
erreumnutation. When it is desirable to free any_ dreumnu- 
tating part from the influence of a disturbing factor, tor instance 
li»ht, great care must be taken to avoid subjecting it to abnor- 
inal conditions such as result when a seedling is kept m the 
dark in order to free it from the influence of light on ita 
movements. When so kept it undergoes changp of form with 
its blanching, andl therefore little security is felt tliat all ita 
behavior is normal. In the instance of green plants which 
demand light for their healtliy activity the removal of disturhiiig 
factors is a task of considerable difficulty. _ 

A part of the diffleultv is removed by the use of some instru- 
ment by which the plants can be made to revolve slowly m a 
given plane, thus exposing the different sides successively to 
toe action of the force. A simple form of this appliance is 






iiy. 


■IS 


1 Fritz Muller is quoted by Darwin as saying, that the stem of Dav ila 

twines indifferently from left to right or from right to left ; a,nd that he .iu..e 
irrs^rwhich had ascended a tree about five inches m diameter reverse 

its course. , 
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investigation. Among these cases are the changes of position 
which many peduncles undergo during the development of flow- 
ers and fruits. Although the extremity of the flower-stalk passes 
through its definite orbit, it is in some instances so affected by 
the greater growth of the upper side as to curve downwards, 
while a similar excessive growth on the under side will produce 
an upward curvature. De Vries, who has given much attention 
to these phenomena, has coined the adjectives epinastic^ denoting 
curvature from growth on the upper side, and hyponastic., thdX 
from growth on die under side of an extending organ. 


Fig. 180 . Disc of a clinostat covered by a glass case gr, and bearing two Windsor 
beans with primary and secondary roots, 


known as the dinostat. It consists of a clock-work which car- 
ries a disc on which can be placed growing plants : by the revo- 
lution of this horizontal disc all parts are in turn given the same 
amount of illumination. If the clock-work is so arranged as to 
rotate a horizontal shaft to which a growing plant can be afflred, 
any one part of the plant will be exposed to the influence of 
gravitation in precisely the same manner and to the sanne extent 
as all other parts. 

When cireumnutation is plainly modified by unequal growth, 
striking disturbances are produced which have received much 
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1063.' The ample revolving movement is not confined to sterns^ 
hot is observed in some modified branches and leaves, for ex- 
ample in certain ten- 
cirils, etc. A single 
instance will serve to 
show the remarkable 
nature of the move- 
ment in the case of 
the tendrils of Echi- 
, nocjstis lobata, as de- . 
scribed by Darwin : ^ 

These are usually 
inclined at about 45° 
above the horizon, but 
they stiffen and straighten themselves so as to stand uptight in 
a part of their circular course ; namely, w^^hen they approach and 
have to pass over the summit of the shoot from which they arise. 
If they had not possessed and exercised this curious power, they 
would infallibly have struck against the summit of the shoot and 
been arrested in their course. As soon as one of these tendrils 

with its three branches be- 





gins to stiffen itself and rise 


up verticall3% the revolving 
motion becomes more rapid ; 
and as soon as it has passed 
over the point of difficulty, 
its motion coinciding with 
that from its own weight 
causes it to fall into its previously inclined position so quickly 
that the apex can be seen travelling like the hand of a gigantic 
clock.” 

■ 1064. lyctitropic, or sleep, movements* The foliar organs of 
many plants assume at nightfall, or just before, positions unlike 
those which they have maintained during the day. In many 
cases the drooping of the leaves' at night is suggestive of rest, 
and the name given Linnmus to this group of phenometia, 
namely, the sleep of plants,” seems appropriate. But in numer- 
ous cases the nocturnal position is one of obvious consteint, 
and considerable force has to be expended in lifting the leaf to 


1 Power of Movement in Plants, 1880, p. 266. 


.Fio. 181 . Leaf of 'Coromila rosea at nfglit. fl^ndnO , , 

Fra. 182. Leaf of White Clover. , A, day pwition ; B, night position. . (Darwin.) 
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Fig. 183 Leaflets of Averrhoa bilimbi at, TJigfht, (Darwin.) 

Fig. 184. Leaf of Acacia Farnesiana during tbe day and at night. (Darwin.) 


the new position. The diwersity of positions can be only imper- 
fectly indicated by the accompanying illustrations. 

According to Pfeffer, the sleep-movements of leaves and of 
cotyledons depend upon increased growth on one side of the 

median line of the 
aiid^i|]i^rib, 

1 which droop at 

fi night the depres- 

^ sion is produced 

by a slightly in- 

creased growth on the upper side, and the rise in the morning 
by a similar growth on the under side. But in the most striking 
cases there is a 
distinct appara- 
tus at the base 
of the leaf-stalk, 
w’hich accom- 
plishes the same 
movement by 

enlargement \r 

often an appre- I* If 

ciable difference ^ I f 

between the ^ 

character of the 

cell- walls on the upper and under side of the swelling. This 
swelling, known as the pulvinus, permits the movement to be 
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continued long after tlie movements in jonng leaves destitute 
of siicli an apparatus have 'ceased. 

1065. Tlie slee|>»iiio'?em,eiits of cotyledons are. extremely diverse, 
but in general consist in an elevation of the tips, briiiging tlie 
upper faces into proximitj’, and sometimes into contact. It may 
happen also that one or more of the early leaves ■ devi^opcHl 
from the plumule approaches the ' elevated c3otyledons. Dar- 
win has noted that in some cases 'the cotyledons of plants, 
with ordinary leaves which exhibit sleep-moveiiients', 'iiiay not 
change their position at night, except as tliey do in si'inple 
■circumnutation. 


1066. The utility of the sleep-iiioTeiiients of leaves and cotyle- 
dons is believed to consist in protection from too gnait radiation 
during the night. Darwin hiis shown ])y si'rnple and conclusive 
experiments that in the ease of some 'plai6:s this change of tin* 
position of leaves at the approach of a eiiiily night is a matU?r 
of life and death. 

When leaves which naturally assume nyctitropie positions arc 
pinned or otlieiwise kept from changing their position, a.nd the 
plant is exposed to a temperature a little bcdow freezing, under 
a clear sky, into which the radiation of heat must go on rapiilly 
from the upper siiiihce of the leaves, ..serious injuries result, the 
leaves becoming browned and even killed;, whereas, leaves on 


Pig 18.5. Oesmodiiirtt gyrans. position .(luring the day; /i, position at night. 
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1 The following list from De Candolle’s Physiologie gives the hours of the 
opening of certain flowers in Paris: — 


the same plant which are allowed to take the protective position, 
escape. 

1067. Sleep-moYements of floral organSo These are, in general, 
dependent, as Pfeffer has clearly shown, upon the alternate 
growth of the opposed surfaces. For instance in a crocus, the 
greater growth of the inner surface of the parts of the perianth 
will bring about an opening of the flower, whereas the greater 
growth of the outer surface will effect a closing. 

PfefleFs method of investigation is capable of application, pro- 
vided one has a microscope which admits of being held with its 
tube horizontal. A perianth leaf is carefully detached without 
too much violence from the flower, and immediately placed in a 
small tube containing water, so that the expanded part ma}" be 
brought within the field of the microscope. If fine lines are 
measured off upon its inner and outer surfaces in India ink, 
their gradually increasing distance from each other can be 
watched to good advantage. It can then be clearly seen that 
wdien the part curves outward it is owing to an increased growth 
upon the inner surface, and vice versa. That there is an ante- 
cedent turgescence is very likely, as has been repeatedly pointed 
out by De Vries and others. It is probable also that in a few 
cases the opening and closing are due to a temporary turges- 
cence unaccompanied by much growth. 

Changes in illumination and in temperature are sufficient to 
effect the alternations of gro-wth and of turgescence in delicately 
constituted parts, where there is a balanced tension existing 
between the outer and inner tissues. 

1068. Times of opening and closing in the open a!i% Under the 
ordinary conditions of an equable climate the times of opening 
and closing of the flowers of a given plant do not vary widely. 
Hence it is possible to construct a floral clock which shall mark 
the hours with tolerable regularity. The dial at Upsala, Sweden, 
suggested bj" Linnmus. and that designed for Paris De Gan- 
dolle,^ are approximately correct; but in a climate having the 
sharp and sudden differences of heat and of moisture which 
characterize eastern North America such floral clocks are not 
successful. 
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1069. The Telegrapli plant. The most surprising instance of 
rapid spontaneous movement is that which is exhibited by the 
lateral leaflets of Desmodiiim 
gyrans. Each complete leaf | ■ 

of Desmodium consists of a i 

large terminal leaflet and two ■/ J/ I 

little lateral leaflets. At y Iv ^ ^ 

nightfall the terminal leaflets mjy^ \ 

sink vertically, and the peti- . ■ \l ' 

oles^are somewhat raised, so . jf /% A ' 

that the terminal leaflets are . ^ I \f 

much crowded together upon w \ /lyS 

the stem (see Fig. 185.) The , , ^ I'kl 

cotyledons do, not have this M ' hH 

nyctitropio movement, but I 

the first true leaf sleeps just , \ 

as do the older ones. | . /yA^\ 

The lateral leaflets do not , . 
fall at night, but at the tern- 1 

perature of 36 to 38° C., or 
even somewhat higher, keep 

up, night and day, an irregu- ./ mm ■ xaJ ' ,■ 

lar jerking movement, which m 

has been compared . to the a ■ ' 

ticking of the second-hand of 

a watch (or, formeii}^ to the ^ ‘ ige 

movements of the arms of a 

Semaphore Telegraph). The tip of the ipoving leaflet passes 
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through its elliptical orbit in a period of from half a rnimste to a 
ininiite or more, the time varying greatly according to the ex- 
ternal conditions, but being nearly uniform under uniform high 
temperature. The lateral leaflets move independently of one 
another, one sometimes passing downwards while the other is 
ascending, but there is no distinct relation between them. 

At the base of the terminal leaflet, the base of the lateral leaf- 
lets, and the base of the main petiole, are piilvini, to changes 
in which the several movements are due. 

1070. The cause of autoiioijiic inoveiiients not fully laiowii*, As 
to the cause of the periodic changes in tiirgescence and asso- 
ciated growth which give rise to spontaneous ” movements, little 
is at present known. The fact that in the naked protoplasm of 
the plasmodiiim of the Myxomycetes the sap cavities exhibit 
a rbytlmucal pulsation w^hich is thought to be dependent upon 
variations in the imbibition powmr of the protoplasm for water, 
throws little light upon the ultimate cause >Yliich underlies vari- 
able tiirgescence in one case and variable pulsation in the other. 
Althoiigli variations in tiirgescence and associated growth are 
everywhere observable in young and still parts of plants, in some 
instances similar phenomena can be observed, as we have just 
seen, in specialized organs which are no longer capable of 
growdh. 

1071 . DeVries ^ calls attention to the fact that organic acids or 
their salts, as they are formed in tissues, have a marked effect 
upon the tiirgescence of the cells composing the tissue. If these 
compounds were produced first in the cells on one side of a shoot 
or other motile organ, and then in the cells next to these, and 
so on, tlie phenomena of circumniitation wmiild be exhibited, 
its cause will probablj’ be found in chemical processes which 
cause the osmotic power of the cell-contents to vary.*-^ 

1072. Sensitiveness. By this is meant the capacity to react 
against an irritation ; thus, the root is said to be sensitive to 
moisture, some leaves to light, etc. But it is usual to employ 
the term in a more restricted signification; following Darwin’s 
cautious definition, “ a part or organ may be called sensitive, 
wdien its irritation excites movement in an adjoining part.” ® The 
irritant may be shock, prolonged contact, a light touch, or a 
chemical agent. 

1 Botanische Zeitang, 1879, pp. 830, 847, and in an independent communi- 
cation. 

^ Pfeffer : Periodischen Bewegnngen (1875). 

s Power of Movement in Plants, 1880, p. 191. 
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1073. It has been, shown (1024) that young shoots react, 
although somewhat sluggishly', against mechanical shock, their 
chano'e of form or direction depending on the character or direc- 
tion of the blows received. In certain delicate tissues, especially 
those which possess much simplicity of structure, ehang<' of form 
and of direction may be produced in response to comparatively 
slight mechanical or chemical irritation. It is to these that the 

term scrtsiMufi t/'ssnes is properly appli^^^ 

1074. Sensitiveness of roots. The tip of the caiilicle is gen- 
erally sensitive to contact and to caustics. There are, liowever, 
o-reat differences in the degree of sensitiveness; in some cases 
slight contact being sufficient to cause rc.actioii, while in others 
the contact must be prolonged and accompanied by direct pres- 
sure. If the eauliele with its unformed root is placed imih'r 
conditions whore growth can take place with great rapidity, the 
sensitiveness is much impaired and sometimes is wholly lost ; 
it is partially lost also when the eauliele grows slowly, or is 
forced to grow out of season. Under natural conditions and at 
a normal rate of growth the tip is sensitive for about one tiveii- 
tieth of an inch. If a piece of caustic is applied to the tip (not 
more than 1.5 mm. Irom the very end), the eauliele will curve 
away from the irritated side. The reaction is as plainly seen in 
those cases where the eauliele does not elongate, but where the 

root itself descends. ■ . „ 

1075 The length of the portion of these organs which reacts is 
about ten millimetres. The time of reaction varies for lUfferent 

plants, being soinetimes in five hours, and, according to Darwin, 

almost always within twenty-four hours. _ 

1076. “ the curvature often amounts to a rectangle ; liial. is 
the terminal part bends upwards until the tip, which is but. lilllc 
curved, projects almost horizontally. Occasionally the tip. rmu 
the continu'ed irritation of the attached object, coiitiimcs to bend 
up until it forms a hook with the point directed towards dm 
zenith, or a loop, or even a spire. After a tunc the radiclo 
apparently becomes accustomed to the irritation, as 
the case of tendrils ; for it again grows downwards, altlioiigh 
the bit of card or other object may remain attached to tin 

\o77 The tip of the radicle has been shown (1046) to be 

constantly circumnutating. By this movement the ^sensitave tip 
is brought into contact with different sides of minute cievicts in 


Ilii 




1 Power of Movement in Plants, 1880, p. 193. 
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^ Darwin : Power of Movement in Plants, p. 197. 

2 The two following passages should be carefully studied by the student, 
since they embody in a few words Darwin’s summary of most of the results of 
his experiments upon radicles. Both passages are from the “ Power of Move- 
ment in Plants,” 1880 : — 

“ We see that the course followed by a root through the soil is governed by 
extraordinarily complex and diversified agencies, — by geotropism acting in a 
different manner on the primary, secondary, and tertiary radicles, — by sensi- 
tiveness to contact, different in kind in the apex and in the part immediately 
above the apex, and apparently by sensitiveness to the varying dampness of 
different parts of the soil. The.se several stimuli to movement are all more 
powerful than geotropism, when this acts obli(piely on a radicle which has been 
deflected from its perpendicular downward course. The roots, moreover, of 
most plants are excited by light to bend either to or from it ; hut as roots are 
not naturally exposed to the light, it is doubtful whether this sensitiveness, 
which is perhaps only the indirect result of the radicles being highly sensitive 
to other stimuli, is of any service to the plant. The direction which the apex 
takes at each successive period of the growth of a root ultimately determines 
its whole course ; it is therefore highly important that the apex should pursue 
from the first the most advantageous direction ; and we can thus understand 
why sensitiveness to geotropism, to contact, and to moisture, all reside in the 
tip, and why the tip determines the upper growing part to bend either from or 
to the exciting cause. A radicle may be compared with a burrowing animal 
such as a mole, which wishes to penetrate perpendicularly down into the 
ground. By continually moving his head from side to side, or circiimiiutating, 
he will feel any stone or other obstacle, as well as any difference in the hard- 
ness of the soil, and he will turn from that side ; if the earth is damper on on© 
than on the other side, he will turn thitherward as a better hunting-ground. 
Nevertheless, after each interruption, guided by tlie sense of gravity, he will 
he able to recover his downward course and to burrow to a greater depth ” 
(p. 199). 

“We believe that there is no structure in plants more wonderful, as far as 
its functions are concerned, than the tip of the radicle. If the tip be lightly 
pmssed or burnt or cut, it transmits an influence to the upper adjoining part, 
causing it to bend away from the affected side ; and, what is more surprising, 
the tip can distinguish between a slightly harder and softer object, by which 
it is simultaneously pressed on opposite sides. 

“If, however, the radicle is pressed by a similar object a little above the 
tip, the pressed part does not transmit any influence to the more distant parts, 
but bends abruptly towards the object. If the tip perceives the air to be 
moister on one side than on the other, it likewise transmits an influence to the 
upper adjoining part, which bends towards the source of moisture. When the 
tip is excited by light (though in the case of radicles this was ascertained in 
only a single instance) the adjoining part bends from the light *, but when 


the soil,^ and “ as it is always endeavoring to bend to all sides, 
it will press on all sides, and will thus be able to discriminate 
between the harder and softer adjoining surfaces . . . coMse- 
quently it will tend to bend from the harder soil, and will thus 
follow the lines of least resistance.” ^ 
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1078. SensitifeBess of stems aiid branches. Under ordinaij : 

conditions even twining stems are not sensitive to slight incchaiii- 
cal irritation. The reactions to moisture, light, gravitation, etc., 
have been alread}^ noticed, and it is now intended to, cal! atten- . 
tion to the extraordinary sensitiveness of certain tendrils, some 
of which are modified branches, while others are modified leaves 
or parts, of leaves. ' ■ ^ . 

1079. Tendrils circumnutate, and by their revolving movement 
reach out for a proper support. Moreover, they are produced 

on the.young ■ 

,' circuim 

\ tremitles of . 

/ |j| shoots, so that two modes of revolution 

observed siinulta- 
neously. But in this revolving inove- 
' j6\ I ment the tendrils are prevented from 

\ I becoming entangled with, the rest of the . 

\1 shoot. The manner in which this is 

fl done is thus described : When a ,ten" 
horizontally, comes round 
m base nears the parent ston 

^ I® rising above it, it stops short, rises stif- 
Is fly upright, moves on in this position 
■ iintil it passes by the stem, then rapidly , 

comes down again to . the' horizontal po- 
sition, and, moves on so until it again 
approaches and again; avoids the im- 
I ^ ■■ pending obstacle.”^ ^ ' . 

187 1080 . When a light thread is placed 

upon a long revolving tendril of Passiflora, Echin ocysti^or 
same part bends towanls the centre of giwity. In 

cle rn g J- It is hardly an exaggeration to 

5“2re%'^o7reradidetbnsen^^^^^^^^ 

the State anteriorend of te toly, raceiving 

1® Gray : How Plants Behave, 1872, p. 18. , 

FIG. 187. Shoot of Pasaiflora, showing tendrils. 
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In opposite directions. After the tendril has made fast to its 
support, its structure begins to change in a remarkable maiiiier, 
becoming much Qrmer and more elastic than before, - — a provision 
adapting it admirably to resist sudden strains upon the main 
shoot from gusts of wind. 

1082. But if the tendril in its revolution has failed to come in 
contact with any proper support, it is thrown into a single coil, 
which luns from the extremity of the tendril, and extends for 
a short distance, perhaps half the whole length of the organ. 

Sometimes, however, it simply becomes flaccid. 


OJ. _ JL 4.-7 — i ^ 4-|_ 
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tact. If the plant is in a vigorous condition and the tendril is 
young, a slight touch is generally sufficient to cause immediate 
flexion. If a solid object, for instance a staff, is placed in con- 
tact with such a tendril, the bending and coiling takes place at 
once, and thus the organ is brought into close apposition with 
the support. 

1081, As soon as the tendril has coiled around its support, a 
striking phenomenon is observed in the portion between the shoot 
and the support : it begins to twist, throwung the whole thread 
into a double coil, a part of which winds one way and the 
rest another. There can be no doubt that this comes from the 
action of the same force which causes the revolution in the ten- 
dril before it becomes attached to the support, and the further 
exercise of this force must necessarily produce two coils running 


Fia. 188. Auapelopsis quinqiiefolia, or Virginia creeper. 
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1083. In some cases tendrils are not sensitive to contact, but 
are distinctly apbeliotropic, turning- away from the light, and in 
this way securing for the plant an adequate mechanical su[)part 
upon some wall or the like. Grape-vines and Virginia creeper 
furnish good examples of such tendrils. The brauches of the 
tendrils of the grape-vine sometimes clasp around a slender sup- 
port, somewhat in the same way as an object would bo grasiied 
by a thumb and finger. 

' The much-branched tendrils of species of Ampelop.sis are also 
apbeliotropic ; but when the tips of the branches of the tendrils 
come in contact with a wall, they become expanded into Hat 
discs which cling to the surface. 

1084. Sensitiveness of petioles. a 

This can be easily examined in k \ 

the common climbing species of |M 

Clematis, in Solauumjasminoides, ||| j 

etc. The leaves circumnutate | 

and, in the case of compound |S I 'k/.J 

leaves, the separate leaflets also. | | v \/ 

When young the sides of the /\ j I -'^V/ 

petioles are sensitive to touch, \ '•4;v 

bending towards where the pres- M >1 

sure or compact is. Shortly alter 

clasping the support by means of ^ 

this bending the petioles increase / f M 

in thickness, become stronger t M 
and tougher than before, ami |M J Jfm 
sometimes take on a structure m}/ 

suggestive of a rigid bi-anch. In r’lOT 

Gloriosa the sensitiveness is very W j; Im 

marked in the leaf-tips, but only « : ^’1 

on the under surface of the pro- isj 

longed thread-like extremity. ^ i-.- 

1085. Sensitiveness of leaf-blades. The fly-trap 
(considered by some an appendage to the pnpr 
exquisitely sensitive to any touch upon the hairs w no i g'‘> ^ 

the faces of the trap. As soon as these are toudied tmp 

e effect follows a slight touch on 
ition through the leaf shows that 
1. The leaf of the small water- 
been shown to be sensitive. 


plant Aldrovanda 


Fig. 18®. SolaBiim jasminoides. 
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1086. The leaflets of numerous plants exhibit a peculiar degree 
of sensitiveness even to a slight touch. Among these are sev- 
" , eral species of Mimosa and Oxalis. 

1^ The plant which has received the 

fullest investigation is the easily 
cultivated 

1087. Jlfimosapudica (the Sen- 
sitive plant). This has compound 
/T' leaves consisting of four long leaf- 

_ _ lets, each of which is divided into 

numerous minor leaflets arranged 
in pairs. At the base of each leaf- 
let, and also at the base of the 
I petiole, there is a pulvinus, com- 
posed of peculiar cells. On the 
upper half of the pulvinus these 
are thicker- walled than on the 
lower ; most of them contain round- 
ish globules made up of a strong 
solution of tannin in water, surrounded by a film of some albu- 
minoid matter. These globules are not, 
however, of any significance as concerns the 4- 
motility, since they are found in the paren- i|^ 
chyma of the bark of some ligneous plants yr 

1088. When a fully spread leaf is touched Jt \ 
at its extremity the many leaflets succes- \ 

sively close in pairs, the upper surfaces ^ 

approaching and the tips falling somewhat T 

forward; the four .... 

branches of the leaf . ^ 

then draw near each It if 4am 

other, and the main ■' iff % 

petiole inclines . . m W 

downwards and 1 i 1 

finally droops pas- Ir jr ' « ^ 

sively at the joint, ^ 

The recovery from 

this position of col- i 9 i 

lapse takes place in 

a few minutes, generally in about a quarter of an hour. 

Fia. 190. Aidrovanda vesiculosa; tine lower illustration shows tlie expanded leaf 
much enharged. 

Fig. 191. Mimosa pudica. 
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' 1089. If an irritant is applied to a single leaflet, the opposite 
one be the only other affected ; or, if the effect is more pm- 
noiinced, all the leaflets on a single division of the leaf may be 
closed without affecting any on the other branches. But if a still 
sharper impulse is given, not only will all the leaflets on a single 
leaf close, but other leaves on the plant may be affected. TIiuh 
it is possible by applying a hot needle to a single leaflet to atfect 
all those on a small plant. A drop of strong sulphiirie acid acts 
in the same way.^ 

When a leaf of Mimosa is separated from its plant by a sharp 
cut through its piilvinus, and is at once placed in a saturahMi 
atmosphere, it soon recovers its normal expanded condition; if 
now it is touched the leaflets will collapse as usual, ami at the 
moment of closing a drop of water can be seen exuding from the 
cut surface. According to Pfeffer it is possible to observe that 
the water comes from the parenchyma of the lower half of the 
pulvinus.^ 

1090. According to Bert,® who made use of a thermo-electric 
apparatus, the pulvinus of a leaf of Mimosa in its normal condi- 


^ For a study of the transmission of the shock, see Pfeffer, Pringsheiiifs 
Jahrbticher, ix., 1873, j). 308. 

Some of the effects produced by irritants upon the hairs of certain insectiv- 
orous plants have been already described. The phenomena of aggregatmi 
then alluded to must be now treated more in detail. It is described by Pfeffer 
in the following words : “ Suddenly the contents of the cell acted on become 
clouded by a separation, of minute particle.^ which aggregate to form masses. 
These masses consist essentially of albuminous matters, wliich, fi*om their col- 
lecting the coloring substance in the cell-sap, become tinged. The wiiole 
process of aggregation takes place in the cell-sap.” 

Pfeffer points out the curious fact that while ammonic carbonate, without 
any other irritant, will cause this aggregation, acetic acid will make it 
disappear. 

Sucli changes as aggregation and variations in turgescence are connected in 
someway, not yet understood, with the imbibition power of protoplasm for 
watery fluids. Tbe mechanical or chemical irritants which temporarily dimin- 
ish the capacity of protoplasm for retaining within the cell the maxim am 
<jnaiitity of water wall produce a distinct effect upon the tension of the cell- 
wall, and result in a change of its size or form, or both. The imtation ilius 
caused can be transmitted to a distant part. The intimate relations which 
exist between the young cell-wall and the protoplasmic lining must n(»t 
overlooked in any consideration of the subject of sensitiveness in plants. 
Lastly,, the continnity of protoplasm in many mobile and sensitive organs must 
be borne ill mind ill the consideration of this subject. 

2 PffanzenphyBiologie, ii., 1881, p. ,237. See also Pfeffer’s Physiologische 
Bntersiichungen, 1873, p. 32. . ^ , 

® Comptes Eendus, Ixix., 1869, p. 895. 
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tion is always slightly cooler than the rest of the petiole, but 
upon the movement from irritation it rises in temperature ; not 

enough, however, 

, to account for the 


• raising of SO con- 

sicIei-aMe a weight 

109 * 1 °^ 

regarded the seii- 

pulvinus of the 
Sensitive plant 
and of other motile 

192 ly in "the cell-wall, 

while others have 

thought that it resided in the contractile protoplasm. It is now 
generally held to be due to some sudden variation in the osmotic 
power of the proto- 

its periphera,! poi"tion 
in contact with the 
cell-wall, by which the 
turgcscence of the cell 

IS suddenly changed.^ ' 

with motile leaves is 

kept in darkness for /I 

■ , a day or so, even if 
the temperature is faw 
orable to motion, its 

^ powder of movement is ■ r° 

either greatly impaired 

or for a time wholly 193^ 

lost. A diminished ^ 

amount of light is sufficient to produce the same effect in the 

case of the Sensitive plant. 


1 Compare Hofmeister: Die Lehre von der Pflanzenzelie, 1867, p. 300 ; 
Briicke : Archiv fiir Anatomie, Physiologie, nnd wiss. Medicin, 1848, p. 434 ; 
Unger: Botaniselie Zeitung, 1862, p. 113; 1863, p. 349. 

Fig. 192. Transyerse section of the motile organ of a leaflet of Oxalis carnea, (Sachs ) 
Fig. 193. Vertical section through the motile organ of a leaflet of Oxalis carnea 
(Sachs.) . . 


' SEKSITIVENESS OF ' STAMENS. ' ' 4:1:] 

Sachs has given the name Phototonus to the normal motile 
ooiiditioii resulting from alternation of daj and night. A 
plant ill this condition, if placed in the dark, will remain for s<jme 
time (hours or even days) in a state of phototonus, which then 
disappears gradually ; the plant is therefore under iioniial condi- 
tions in a state of photo tonus even during the night iii tie 
same manner a plant which has become rigid in continued dark- 
ness retains its rigidity for some time (hours or even 
after being exposed to light. The two conditions there -biv 
pass over into one another only slowly,” 

' 1093. Temporary rigidity is produced iu the case of the Sensi- 
tive plant by an exposure to a temperature of C. The saints 
effect is produced by a temperature above ' according 

Bert’s observations at about 60^ C. It is stated by him tiiai ^he 
sensitiveness of Mimosa is destroyed liy exposure to a grc't 
light, while plants placed under bell-jars of the following coioi*> 
remained healthy : white, red, yellow, blue, and violet.^ 

1094. Sensitiveness of stamens* No better iliustratfoi: f-'f 
this is afforded than that given by stamens of the eominon Bar- 
berry. The six stamens lie curved under the arching petals. 'lul; 
if a filament is lightly touched it is jerked suddenly forwr.Vil, 
bringing the anther into apposition with the pistil. 

1095. The filaments of certain Composite are sensitive. T!ie 
case of the common Chicory has been thus described: i'iie 
anthers are conjoined to form a tube supported upon live dis- 
connected filaments which are at first more or less ciirvefi out- 
wards. If the filaments in this condition are lightly ton die 
they instantly straighten, carrying the anther-tube up t\ lit lie 
higher, and thus bringing the pollen all along the style which is 
enclosed. After a short time they resume their former curved 
condition, retracting the anther-tube to the place wlilcli It 
pied before- It is to be observed that the irritation of a sitc'iic 
filainent excites only that one, and thus the ' tube of anthers may 
be pushed over to one side for a few ininuteB, again recovm’ii;g 
itself after a little while. 

1096. Sparmaiinia Afrieana has a cluster of beaded ilhn n(‘rds 
siiiTOunding the pistil and variously intermingled with tlK‘ sta- 
mens. When these are touched lightly they open out from 
centre ^ with , considerable rapidity, and rematir thus expaiKb-d. 
fora certain period, after wdiich the.y revert to the clos(‘d ]>os:- 
tion.; Somewhat the .same, phenomenon is' to be observ^rd iu 


1 Comptes Retidus, Ixx., 1870, p, 339. 
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species of Portulaea, where the stamens, upon contact, move, 
outwards.' 

1097. The gynandrous style of Stylidium is curved down- 
wards; when it is lightly touched it suddenly flies to the other 
side of the flower, although sometimes it merely straightens 
itself. 

Sensitive lobes of the style or stigma are possessed by Mimu- 
lus and some other Scrophulariaceae,^ by Martynia, and some 
allied plants. 

1098. In all the foregoing cases the sensitiveness is greatest 
when the plants, or their sensitive parts, are kept at a tolerably 
high temperature. Sachs has shown that the most favorable 
temperature for Mimosa movements is about 36° or 37° C. 

1099. Effects of anaesthetics upon sensitiveness in plants* When 
a young plant of Mimosa is placed under a bell-jar in w^hich a 
sponge wet with chloroform or an equivalent anaesthetic has 
filled the confined atmosphere with its vapor, some of the leaflets- 
droop and remain so, while others retMn their normal position. 
But after a while the leaflets will be found to have lost all power 
of reacting to a touch ; in short, they have become insensitive. 
The same effect is observed in the case of Barbeny stamens. 
Its explanation is looked for in the changed relation of the 
sensitive ceils to water when they are subjected to the influence 
of an anaesthetic. 

1100. Plants possess no nervous system* That sensitive plants 
must have nerves, or their equivalent, for the recognition of im- 
pressions and the transmission of their influence to a somewhat 
distant point was formerly held by many writers, but this 
opinion is not now entertained by any physiologist.^ 


1 See Heckers Memoir, Comptes Eendus, Ixxix., 1874, p. 702. 

2 “ Finally, it is impossible not to be struck with the resemblance between 
the foregoing movements of plants and many of the actions performed uncon- 
sciously by the lower animals. With plants an astonishingly small stimulus 
suffices ; and even with allied plants one may be highly sensitive to the slight- 
est contiiHied pressure, and another highly sensitive to a slight momentaiy 
touch. The habit of moving at certain periods is inherited both by plants and 
animals and several other points of similitude have been specified. But the 
most striking resemblance is the localization of their sensitiveness, and the 
transmission of an influence horn the excited part to another, wdiich conse- 
<3^uently moves. Vet plants do not of course possess nerves or a central ner- 
vous system ; and we may infer that with animals such structures serve only 
for the more perfect transmission of impressions, and for the more complete 
iiitercomraunication of the several parts” (Darwin : Power of Movement in 
Plants, 1880, p. 571). 



CHAPTER XIV, 


KEPRODUCTIOK 


1101. In seieiitific as well as popular language the term uhH- 
mdual is comnionl}’ applied to each and every plant; br.t it* by 
individual is meant an organism incapable of subdivision with- 
out loss of its identity, the term as applied thus to the higher 
plants is obviousty a misnomer. It has been shown both in Vol- 
ume I. of this series,^ and in Fart I. of the present volume,''^ that 
under certain circumstances any of the higher plants may be 
separated into parts, each of which may afterwards lead an imle- 
pendeiit existence. Thus buds may be severed from the parent 
plant and soon establish themselves as independent organisms, 
capable of increase in size, and becoming sooner or later dis- 
tinguishable in no wise from the stock from which they came. 
But there are serious difficulties in the way of regarding these 
separable buds as true individuals : ® each bud is the promise of 
a branch, and consists of parts which, under certain conditions, 
ma}^ be separated from each other. In fact, the vegetable indi- 
vidual is not reached in such mechanical subdivision until we 
come to the cells of which all the parts are composed. Nor do 
these satisfy completely the definition of an individual, since in 
exceptional cases the cell itself may spontaneously divide into 
viable parts. ^ 

1102. In plants, indiyidiiality is more or less eompletely merged 
in eonininnitj. Under normal conditions the separable parts, 
while still attached to their common stock, co-operate for tlm 
common good. If separated under favorable conditions they 
in their turn become stocks in which are combined congeries of 
similar separable parts, or, in other words, become individiiai 
plants, in the ordinary acceptation of the term. For instance, 
the tuber of the potato, which is the thickened extremity of an 
underarround branch, possesses a certain number of buds, each 
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FERTILIZATION IN ANGIOSPERMS. 

1106. Flowering plants are naturally divided into Anglo- 
sperms and G 3 nnnospernis : the former are distinguished bjvthe 
possession of a closed ovarv in which the ovules are contained. 
The latter have no closed ovary, and hence the ovules are naked. 
Apart of the reproductive apparatus is simpler in Gymiiospernis 
than in Angiosperms ; but owing to certain practical difficulties 
in the treatment of microscopic material, the deiiioostration of 
the reproductive process is less easy in the former than in the 
latter. It is proposed, therefore, to begin with an examination 
of the reproductive process, or fertilization, of Angiosperms. 


1 The view has heeii held by some that all the derivatives from one seed, 
whether united or separated, constitute collectively a single individual. 


of which may, in suitable soil, give rise to a thrifty plant : the 
new plants will in their turn produce new tubers likewise with 
buds, and these again new plants, and so on in unlimited 
succession. Nevertheless, the divisible organisms are for our 
present purpose conveniently" termed vegetable individuals.^ 

1103. Plants of the higher grade (Ph{3eiioganioiis plants) are 
propagated either by buds or l\v seeds. In the former case, a 
portion of the axis with incipient leaves is separated from the 
parent ; in the latter case, a new structure (the eiiibijo) , capa- 
ble of independent existence, is formed hy means of a special 
apparatus, — the flower. In the flower, two sets of sexual or- 
gans, the stamens, constituting the andrceciiim, and the pistils, 
constituting the gyncecium, produce by tlieir conjoint action an 
embryo, or undeveloped plant, within the seed. 

Reproduction by buds is non-sexiial or asexual; that by the 
formation of an embryo is sexual. 

1104. Non-sexiial reproduction (Agamogenesis) can be traced 
through all classes of plants, — from the higher, where it takes 
place through proper buds, down to the very lowest, where it 
takes place by a single cell dividing spoil taneousiy to form two 
or more separated individuals. 

1105. Sexual reproduction (Gamogenesis) likewise can be 
traced through all classes of plants except the very low^est, 
where it has not as yet been demonstrated to exist. As the 
series is followed from above downwards, the flow’’er gives place 
to other structures, and the seed is replaced by simpler bodies, 
known as spores. 



1107. Three subjects must- be briefly reviewed before enter- 
ing upon the study of the process itself ; iiarneh', the pistil^ the 
ovide^ and the pollen-gram, E'er all details regarding particu- 
lars of form and special morphological relations, pages 241)-28o 
ofVolLiine I., and Chapter I¥. of the present volume may ])e 
consulted. 

1108. The angiospemons pistil (see Fig. 196) consists a 
closed ovary containing the ovules, which is generally prolonged 
into a slender organ known as the style, Fither some portion <)f 
the style, or, when this is wanting, some portion of the ovary, is 
furnished wdth a peculiar secreting sinihee known as the stigma. 
The manifold shapes of ovaiy, style, and stigma have heeii suf- 
ficienti}' described in Volume L, and the microscopic stnictuiti 
of each has been examined in a general way in Ihirt 1. of tint 
present volume. E'rom what was there said, it will be remem- 
bered that the form and structure of pistil and stamens iiave 
intimate relations to the transfer of pollen ami its reception by 
the stigma. 

1109. The stigmatic secretion. The surface from which this 
exudes may exist as an expanse of considerable extent, or it 
may have the form of single or double lines, or be reduced 
even to a mere point. The extent of the stigmatic surface 
bears a fixed relation to the number of ovules in the ovary. 

At a certain period in the development of the flower, the 
stigma, which up to that time mB.y have been apparently free 
from moisture, becomes covered with a glutinous secretion of 
a saccharine nature. At this period, known as that of ma- 
turity, the stigma is from its stickiness likely to catch and 
retain upon its surface any pollen which may fall thereon. 
The secretion is generally slightly acid ^ in reaction, and is as 
variable in the ariiount of sugar which it contains as ordinary 
.nectar. 

1110. The ' pollen-grains of angiosperms when set free from 
the cells ill which they are produced may become comphdely 
isolated (simple grains) , or they may remain flrmly coherent in 
clusters .of four (Typha, Rliododen'dron, etc.), eight, sixteen, 
thirty-two, or even, as in some species of Acacia, sixty-four 
(‘^coinpoimd grains’.’). 'In many Orchid acese. the grains are 
more or less compactly fastened together into masses by a glii- 
tinoiis matter forming poilinia, and much the same grouping 
into masses occurs in Asclepiadaceae. 



1 Van Tieghenr : Traite de Botaniqne, 1884, p. 850. 
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1111. Structure of pollen-grains.^ The grains consist of sin- 
gle cells having a firm membrane and heterogeneous contents. 
The membrane is rarely single (as in Zostera), being generally 
composed of two coats, — an outer, the extine (called exine by 
Schacht), and an inner, the intine. The extine may be smooth, 
but it is frequently beset with protuberances of some kind, points, 
prickles, or other sculpturings, which may be characteristic of 
genera or even larger groups. It is also provided generally 
with one or more partial or complete perforations, which are of 
course fully closed by the intine which is pressed up against 
them. The number of these perforations is constant in certain 
groups of plants: for instance, one in most monocot^dedonoiis 
plants ; two in Ficus, Justicia, Beloperone; three in Onagracem, 
Geraniaceae, Compositse ; four to six in Impatiens, Ulmus, and 
Alnus ; many in Nyctaginacem, Convolvulacese, Malvacem, and 
some Caryoph^dlacese. Under the action of concentrated sul- 
phuric acid the in tine is destroyed, while the extine generally 
remains unchanged except in color.^ 

When the pollen of Thunbergia is acted on by strong sulphuric 
acid, the destruction of the intine permits the extine to uncoil 
as a band. In no case did Schacht detect any perforation of 
the intine. 

1112. The contents of a pollen-grain are (1) protoplasmic mat- 
ter; (2) granular food materials, such as starch, oil, and, ac- 
cording to Schacht, inulin; (8) dissolved food matters, sugar 
and dextrin. These heterogeneous contents form what was 
formerly called the fovilla. 

In the granular protoplasmic matter of pollen-grains it is pos- 
sible to demonstrate the existence of a nucleus, and in some 
cases two nuclei can be made out distinctly. It is considered 
well established^ that the single nucleus which exists in the 
simple grain at the period of its separation from the mother-cell 
divides in most cases into two nuclei of unequal size. The larger 
of the two fragmental nuclei remains with no change ; while the 
smaller may become partitioned off from the rest of the cell either 
by a true cell wall or by a peripheral film of protoplasm, and may 
later divide and form a group of two or four minute cells. 

^ These details a, re summarized chiefly from Schaehf s exhaustive treatise 
on the subject in Pringsheim’s Jahrhiicher, ii., 1860, p. 109. 

2 In some cases a double membrane can he shown in the extine, for instance 
(Enothera, where the extine separates into a true extine and an inteztine. 

® Strashurger : IJeber Befruchtung und Zelltheilung, 1878. See also 
Quarterly Journal of Microseopical Science, 1880, p. 19. 



l-’OLLEN-aEAIl^S. 


1113. The pollen-grains of many plants burst when placed in 
water, and the fo villa escapes as a slightly coherent mass which 
soon becomes more diffused and allows the finer granules to pass 
into the water, w^here they immediately exhibit the Brownian 
movement, common to all minute particles suspended in a 
liquid.^ 

1114. If pollen-grains are placed in a solution of sugar in- 
stead of in pure water, they will increase somewhat in si7.e ; 
and in a few hours, if the specimen is kept at the right tem- 
perature, there will appear at some point of the surface of each 


grain a minute tube, which by great care can be cultivated in a 
proper medium until it attains a length of several millimeters,® 
lllt5. The pollen-grains of Tulipa Gesneidana emit their tubes 
in a 1 to 3 per cent solution of cane-sugar; the following require 
a somewhat stronger syrup : Leueojum mstivum and Narcissus 
poeticus, 3 to 5 per cent; most orchids, 5 to 10 per cent; Con- 
vallaria majalis, 5 to 20 per cent; Iris sibirica, 30 to 40 per 
cent.® 


1 For an extended account of the speculations once Imsed upon the occur* 
rence in water of motion of the particles of the fovilla, the reader should 
consult Meyeii: Pflanzenphyslologie, iii,, 1839, pp- 192 d seq.; and also the 
remarkable treatise by Eohert Brown, 

Schleiden states that pollen-grains which come accidentally in contact 
with nectar readily send out tubes ; and that we often Jind at the base of the 
flower a whole mass of confervoid web, which consists of entangled pollen- 
tubes emitted in this manner (Principles of Scientific Botany, 1849, p, 408). 

8 Strasburger: Das botanische Practicum, 1884, p, 511. 

Pia. 194. a, yotmg pollen-grain of Allium fistulosam, before its division ; ?>, after tbe 
division of tlie nucleus; c, after the division of the protoplasm; f/, young pollen-grain of 
Monotropa Hypopitys divided ; e, same emitting its tube, into which the two luielei 
pass; /, coalescent grains of the pollen of Platanthera hifolte- during their division ; q, 
formation of the pollen-tube of Orchis mascula, into which the two nuclei pass. C Stras- 
burger.) 
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prolonged. During its descent the pollen-tube is slender, of 
about the same calibre throughout, and has extremelj thin 
walls. It extends through the conducting tissue of the stjle, 
being nourished by the nutrient matter secreted from the cells of 
that tissue, until it at last reaches the caYity of the ovary. 

1117. According to Capus,^ the extent of the stigmatic surface 
bears a definite relation to that of the conductive tissue of the 
style, one surface being in fact a mere expansion of the other; 
and the volume of the conductive tissue of the style is governed 
by the number of ovules which are to be fertilized. Thus, in a 

^ All interesting account of the artificial fertilization of certain plants of 
the Poppy family after removal of the stigmas is given by Hooker in “The 
Gardeners’ Chronicle,” 1847. It is not known that the experiments have yet 
been repeated. 

^ Ae<;ording to Gartner, the emission of the pollen-tixbe begins in some 
cases ill half a minute after the pollen has been applied to the stigma ; but in 
some others, as in Mirabilis Jalapa and in the Malvacese, it takes from 24 
to 3G hours. 

® Amici, in 1822, appears to have been the first to detect the pollen-tube. 
His earliest observations were made upon Portulaca ole.racea. 

^ Amiales des Sc. nat., ser. 6, tome vii. p. 204. 

Fig, 195. Apparatus for cultivaUng pollen-grains, etc. The object is placed on tlif 
tinder side of a glass cover over the circle at a. If necessary, air can be drawn tlirougis 
the tube. A simpler contrivance may be made from a jdece of moist pasteboard. 


1116. When a polien-grain is deposited upon a fitting stigma,^ 
at the period when the stigmatic secretion is sufficiently abun- 
dant, it increases somewhat in size, and sooii^ a tube,® sometimes 
more than one, is thrust forth and passes immediately into the 
loose tissue of the stigmatic surface. The tube consists of a 
protrusion of the intine, and its place of emerging is at some 
one of the perforations of the extine. In some instances the 
wall ' separating the -larger and .the smaller fragments of the 
original nucleus of the pollen-grain becomes absorbed, and 
.then. '.the., two. .nuclei: make ."their way into, ..the.' tube as., it is 





DESCENT OE THE EOELEN-T'0B®. 


pistil with a large Bnmher of ovules the stigmatic surface l.s 
large, .as, is .also the amount of conductive tissue of the style, 
through which the pollen-tubes are to descend. 

1118. The cendiictive tissue through which the polleii-tiihe 
desGends, and by which it is nourished,- is. formed at the stigma 
by a modilication of epidermal cells, and below this arises from 
moditlcations in the parenchyma; in the style it may const Itnt4‘ 
a solid mass of delicate cells, sometimes ■with walls which have 
undergone the mucilaginous modification, or - it may .simply line, 
the hollow tube which is frequently . found, as in tlie pistil of 
the violet. 

1119. The- time refpiirei fo.r the descent .of the pelleii4iilM^ de- 

pends upon the length and character of .the path the tube is 
to traverse, and ■ is very different in ■ ■ ■ ■. ■ - 

diSereiit cases. Hofmelster states ' 

that in Crocus verniis, with a style.' . 

which is from one to two inches in . .. 

length or sometimes more, the tube ' - 

reaches the ovary in from one to j 

three daj’s. oSchieiden^ gives the ' 

following times required, for descent 

of the tube: Cereus grandiflorus, f 

having a style nine inches long, a j 

few hours ; ColcMcum autiimnale, / 

with a st 3 ie thirteen inches long, | j 

twelve hours. In some other cases 1 V 

(certain orchids) it is iveeks before V \ 

the end of the, tube has descended \ 

for even a very short distance. \ . '.\ 

1120. A single pollen-grain of . \ 

some flowers can emit more than ■ \ 

one pollen-tube : thus Amici has-. . - 

seen twenty to thirty tubes proceed ' 

from one grain. ■ 'Pollen-tubes sometimes branch in their courae 

downward. 

■ 1121, The length of time during' which pollen-grains can 
preserve their vitality has been determined for a few cases : ^ 


^ SeWeiden: Principles of Scientific Botany, 1849, p. 407. 

, 2 Gartner, quoted by MoH: Vegetable Cell, p. 134. 

: Fio. 196. .Diagram -of a longitadiml section of an -ovary having only one ovule wltb 

basal placentation, designed .to, exhibit the ■course of the .pollen-tube from the stigma to 
the summit of the em.bryonai sac above the odsphere. The erule is anatropous, ana 

is inserted, as is usually the ease in Composite. {Luerssea,) 
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Those of Hibiscus Trionum at least three dajrg after removal 
from the anther; those of Cheiranthus Cheiri, fourteen days ; 
those of Camellia, Cannabis, Zea, and Phoenix dactylifera (Date), 
one year. 

1122. Although each ovule requires for its impregnation only 
one pollen-tube, the number of pollen-grains in flowers which 
open at maturity is far in excess of the number of ovules. The 
ratio has been ascertained in a few cases, among which are 
the following: Cereus grandiflorus,^ 250,000 grains of pollen 
to 30,000 ovules; Wistaria sinensis,^ about 7,000 grains of 
pollen to each ovule ; Hibiscus Trionum,® 4,863 grains of pol- 
len to about 30 ovules. In some other cases, for instance G-eum 
iirbanum,^ the excess of pollen over ovules is about 10 : 1. 

1123. The localization of the conductive tissue in the ovary 
itself is sometimes very marked ; thus in ovaries with parietal 
placentation, the ovarian walls in the immediate vicinity of the 
ovules are seen to be distinctly conductive, while in those with 
axile placentation, the modified tissue is found in the axis. 
Capus distinguishes the following varieties of conductive pla- 
centae : (1) with a smooth surface, the micropyle being close 
to the placenta, e, ^., Solannm ; (2) papillar, the papillm either 
simple or compound, sometimes serving to guide the pollen-tube 
to the micropjde, e. g., some Cucurbitacese ; (3) hairy, the hairs 
sometimes secreting a mucus or even breaking down into a 
gelatinous mass through which the pollen-tube ma}^ penetrate 
with facility, e, g,^ some Aroids. Special names were formerly 
given to peculiar forms of the conductive tissue, but the terms 
now possess no utility. For special examples of the forms, the 
reader must consult the practical exercises at the end of this 
volume. 

1124. Structure of the ovule. As shown on page 175, the 
ovules arise as minute protuberances at some part of the ova- 
rian wall or upon the axis of the ovary. In orchids the pro- 
tuberance consists of only a single row of ceils; but in most 

1 Morren. 2 Gardeners’ Chronicle, 1846, p. 771. 

® Kdlreiiter : Vorlaufige Nachiicht (quoted by Balfour: Class Book of 
Botany, p, 564). 

^ Gartner: Beitrage zur Kenntniss, p. 346 (quoted by Darwin in Effects 
of Cross and Self Fertilization in the Vegetable Kingdom,” p. 377). 

The following are some of Hassall’s determinations of the number of pollen- 
grains (Annals of Nat, Hist, viii., 1842, p. 108): Dandelion, 243,600 grains ; 
a flower of Peony, with 174 stamens each containing 21,000 pollen-grains, 
8,654,000 ; while in a plant of Rhododendron the number of grains was esti- 
mated to be 72,620,000. 





STBUCTUBE OF THE OVTJLE, 


other cases several rows of cells are superposed, foraiing the 
body known in morphology as the nucleus of the ovule. This, 
to avoid the possibility of even slight coiifiision, will be now 
spoken of as the 7iucelhis, 

That this distinction is necessary, 
will appear from the fact that in one 
of the large cells of this body there 
is a true cell-nucleus which under- 
goes remarkable changes, all of which 
must be described. It should tliere- 
fore be remembered that in the fol- 
lowing discussion the term numllus 
means exactly that which in Yolume 
I. page 277 is called nudeus of the 
ovule, 

1125, Around the nucellus there is developed in most in- 


stances a double ring, which soon nearly invests it, forming an 


inner and an outer coat. Attention 
has been called in Volume I. to the 
fact that the integuments of the ovule 
do not completely invest the nucei- 
lus, but that there is at its true apex 
an orifice known as the foraxnen or 
micropyle. It has also been shown 
that by a peculiar distortion during 
its development the ovule may be 
so bent round upon its support, the 
funiculus, as to have the micropjie 
present itself towards the placental 
attaciiment. Hence, when the apex 
of the ovule is spoken of, the micro- 
pylar extremity is meant. 

1126. At the micropylar extremity of the forming ovule, a 
single cell, beneath the surface (except in orchids and some 
saprophytes) , elongates in the direction of the length of the ovule, 
and by one or sometimes many transverse and vertical partitions 
becomes divided into segments of unequal size. Tlic lowest 
segment coiitiiiues the elongation and the enlargement of the 
structure thus formed within the ovule, known as the embryo 


Fig. 197. Longitudinal section of the ampWtropoua ovale of Baptisia australis. 

(Van Tieghem.) . ^ _ 

Fig. 198. Longitudinal section of the anatropous ovule of Mimosa pudica. ( >aa 

rieubem). 
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sac. T3uriiig the subsequent development of the ovule the 
embryonal sac continues to increase in size, often irregnlaiiy, 
and displaces or obliterates by absorp- 
many of the cells around it. 

1127. At an early period in the de- 
velopment of the embryonal sac it is 
completely filled with protoplasm con- 
a cell-nucleus. This nucleus di- 
vides, and the two new nuclei are soon 
found at opposite ends of the sac, where 
each divides into four nuclei. Betw^een 
the two groups of four nuclei there may 
^ vacuole of considerable size. 

The next stage is marked by the pas- 
^ nucleus from each extremity of 
m(u& embryonal sac towards its centre, 

WL-TO'f where the,y become united to form a sec- 

nil^ fillip ondary nucleus. 

J 99 1128. The nuclei at the lower end of 

the sac become surrounded with other 
protoplasmic matter, and later by cell- walls ; they then consti- 


tute what have been termed the antipodal cells. At the upper 
end of the sac, also, the three nuclei become surrounded by 




CHANGES IN THE OOSPHEEE, 


more or less protoplasmic matter, but are not invested hx a 
true cell- wall ; these have been termed the 
^gg"^PParatiis. Two of these naked nu- . a A 
cleated bodies are somewhat attenuated at 18 

their upper part and rounded below; the f* m 

slender portion eontains the nucleus, the rA 

roimded a vacuole. The bodies are termed ||Vj 

the synergidcB, The remaining cell is near I i[ 

the lower extremity of the two just de- //ft /II 

scribed, and is known as the oosphere, M K |';i\ 

All of these parts are showni in the fig- 

Such, then, is the structure of the era- 
bryonal sac and of the €^gg-apparatus, v 

when the extremity of the pollen-tube B ^ 

emerges into tlie cavity of the ovaiy and ||® H H 

comes in contact with the mieropyle, or |||fl B S 

foramen. It has been shown b}’ Stra,s- Iflt 
burger, that when contact takes place be- . 
tween the pollen-tube and the summit of uW 

the embryonal sac, one of the syiiergidm m M 

changes its character ; its rather clear pro- ^202 

toplasm becomes turbid, its vacuole and 

9 nucleus vanish, and with a sliglit con- 

traction the mass becomes finely grami- 
lar, after which it may wholl}^ disai>])ear. 
wV At til is time the oosphere also luuku’gors 
7y the following changes: it eloth(‘s itsflf 
/ with a thin film of cellulose, and in 

j ■ protoplasmic mass a well-marked imcliMj-. 

probably derived as such from the poPH-ii- 
tube, appears by the side of the nurhms 
of the oosphere, sometimes of the 
size, sometimes smaller. The tw’o nmnia 
Wmn blend, forming a single ovoid body, wiru 

distinct or with confluent nucleoli. Kvt-:i 
if at first distinct the nucleoli may l»e- 
come confluent at a later period. Tlui 


Pig. 202 . Synergidse proloBged across tlie membrane of the embryonal s;{c. u, h. <\ 
from Gladiolus communis ; r/, from Bartonia aurea. g, plane per ^/endicr.J nr to tl;#-* 
plane of the symmetry of the ovule ; &, in the plane of symmetry ; c, after seiiriivition o! 
the three parts; d. (Strasburger.) 

FiGv 203. Capsella Bursa-pastoris. Two embryos with cotyledons distinctly ..bn-oi- 
oped. m(>re advanced tbau j'te (Luerssen.) 
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J^i 


otlier synergide remains unchanged, or 
l^asses through nearly the same changes 
as those described. It should be said 
that in some instances the pollen-tube 
passes down without apparently affect- 
ing the synergidse to any very marked 
extent, but producing its influence di- 
rectly upon the oosphere. 

1129, These changes now described 
in the oosphere are known collectivelv 
as those of fertilization or impregnation ; 
the fertilized or impregnated oosphere 
is termed an oospore. It passes through 
a series of changes by which a second 
cell is formed, then others in a linear 
series, or in a more complex chain, 
termed the proembryo or suspensor. 
In some cases, however, no suspensor 
at all is produced. 




^ Capsella Bursa-pastoris. Embryo developed more than in Pig. 203. A 

Jongitudinal section showing cotyledons, kb -, v, point of growth: e, suspensor ; pi, 
** dermatogen; and iA root-cap. (Hanstein.) 

hio. 20.>. Caraelma sativa. a, two-celled embryo, much exceeded in size by the 
long suspensor Capsella Bursa-pastoris, the figures 6, r, showing different stages in the 
aspects of the embryo dividetl into quadrants <7, 

formation of the dermatogen ; i, longitudinal sec- 
tion showing further divisions and the formation of the periblem and plerom : Jt, same 
as i but ^ven m perspective; I, longitudinal, m, transverse, section of the same em- 
bryo at a later stage ; n, perspective view of embryo at a little earlier stage than I and 
r stages; q, same embryo seen from below, exhibiting the first divisions 

mowshil nearest the suspensor, (Luerssen, after Braz- 









PEBTILIZATION IN GYMNOSFBEMS. 


1130. The terminal cell of the suspensor is followed hj the 
initial cell or cells of the embryo proper ; the different stages of 
the development of the embryo can be traced in theovnle of one 
of oar most common weeds, Capsella (compare Figs. 203-205). 

The case above described is a simple one, but may serve as a 
type of all normal cases of fertilization in angiospenns, the inna- 
merable deviations from which cannot be further alluded to herc.^ 

1181. With the changes in the embryo sac there ai*c eoiiconii- 
taut changes in the whole nucellus and its integoraents. A 
certain amount of food of some kind (see 509) is stored eitlKT 
in the sac or in the developing tissues around it. const itii ting 
the so-called albumen of the seed. The food within the develop- 
ing embryo sac is termed endosperm ; if around it. perispenn. 
But the changes do not stop with the ovule as it ripens 
into a seed; the}" go on also in the surrounding parts. In 
fact, as soon as fertilization has begun, the flower wilts, and 
in most cases the external organs fall. The ovary, sometimes 
with associated parts such as the calyx, the receptacle, etc*, 
passes through changes by which it becomes the fruit. 


FERTILIZATION IN GYMNOSPEEMS- 


1132. The chief differences between the reproduction in these 
plants and that in those 
ju^t^llescnbed are m 

paits bomparison of 
this pollen with that of 


• The student is urged to study with great care the masterly treatise^ by 

Strasburger, Ueber Befrucbturig und Zeiltheilung, 1878, and the more siiccincfc 
a,ccoimt in Ms Practicura, 1884. 

Fig, 206. A, pollen-grains of Biota before their e»eape from the pollen-sac, J, fresh, 
JJ and 1// swollen by water; the extine « having split off, the protoplusniic contents 
are seen, M, pollen-grains of Finns pinaster before their escai»e from the poUeivKac; a 
«ide and a dorsal view. (Sachs.) 
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angiospernis shows that in the latter the nucleus divides, hut 
that the division stops here, no true dividing-wall being formed. 

§ 1134. O'oule of fj^mnosperms. The 
ovule is always orthotropous. It has an 
integument which is sometimes prolonged 
^ so as to form a flesh}^ tube communicating 
with the nucellns. 

The nuceilus, like that of angiosperms, 
yj contains an embryonal sac; at an early 
stage this is filled with endosperm, which 
Hij it will be remembered is not developed in 
angiosperms until after fertilization. Some 
W of the upper cells of the endosperm are 
rather larger than the others, elongated in 
the direction of the axis of the ovule, and 
each surmounted by a ‘‘ rosette ” of minute 
cells which comes between the group and 
207 summit of the embryo sac. These large 

cells, with their rosettes, are termed cor- 
puscules. These corpuscules are considered oospheres. Around 
them in the embryo sac there ap- 
pears to be nothing corresponding 
strictly to the synergidm, the an- 
tipodal cells, etc., observed in the 
angiosperms, although some ho- 
mologies have been pointed out. 

In some cases, like that figured, 
there is a sort of depression at 
the summit of the endosperm^ 
which has been called the pollinic 
chamber. 

1135. Contact of pollen with 
the ovule. As the name indi- 
cates, the gymnosperms are naked 
seeded; no stigma or st 3 de inter- 
venes between the pollen and the 2^3 

ovule. When the divided poUen 

of the gymnosperm falls upon the micropyle of the ovule, 

Fig. 207. Pollen-grain of Ceratozainia longifoHa. grain with partial partitions ; 
Bf tne same emitting its tube, jps, wMeh has ruptured the outer coat; minute 
inactive cells. (Jiiranyi.) 

section of the nuceilus of the naked ovule of Juniperus 
Virgmiaiia, a, nuceilus; se, membrane of the embryonal sac; e, endosperm; c, cor* 
pnsclos ; p, a pollen-grain which has protruded its large tube as far as the corpuscles. 
iStrasburger.) 


Wimim 


L has protruded its large tube as far as the corpuscles. 
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finds there a certain amount of moisture by means of which a 
tube is formed from one of the large cells. This extends directly 
into the tissue of the niieelliis, coming sooner or later into coii- 
taet with the summit of the embryonal sac, and then alfeeting 
the corpiiscules below. From the fertilized eorpuscule the einhrvo 
is. developed.^ 



^ For the purpose of affording some means of comparison of the tmdhodH of 
reproduction in flowering plants and in those of a lower grade, the following 
brief notes concerning the reproduction In seceral of t lie groups of Cryptogams 


have been inserted : — 

(1) No sexual reproduction has yet been demonstrated in the very lowest 
forms of vegetation. Such plants are termed Protophytes. The fungi which 
are associated with fermentation and putretaction, and certain of tlm simplest 
algie, are examples of the gi'oup. 

In the study of the Protophytes the beginner can examine with profit the 
cells of common yeast Care should be taken to distingiiish betw'een the (vlh 
of the plant and the grains of starch with which compressed yeast is geiicniliy 
associated, 

The simple one-celled plants with 
chlorophyll which belong to this group 
can he found in almost any stagnant 
water. They are spherical, and are fre- 
quently grouped in twos or fours. 

(2) The sexual process in Zygophytes 
is characterized by the confluence of the 
protoplasmic masses of two very similar 
cells by w^hich a new mass is formed 
as the starting-point of the new indi- 
vidual. In most of these zygophytes 
there is no plain distinction of sex. 

Some of the lower monlds and many 
of the filamentous algas are examples 
of the group. 

Excellent specimens for study may 
be found in stagnant or .slow^-running 
water in spring and through the sum- 
mer. By careM search it is possible 
to detect cases in which the process of 
conjugation has advanced somewhat : 
such specimens can be kept under ob- 
servation by having the slide sufiieiently 
warm and constantly supplied with fresh 
water, when the different stages of conjugation and of cell-division may !« 
examined. 

Fio. 209. Spirogyra, illustrating the mode of fertilization in the Zygophytes. 
Approximating cells of two filaraents produce extensions which become conjoined ; the 
protoplasmic masses in these cells become confluent, forming a single mass which afli'r 
escaping becomes clothed with a .cell-wall and develops. into, a fllamentous chain of 
cells. In this case there is no appreciable distinction of sex. 
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1136. It was formerly thouglit that no clear gradations could 
be detected between the flowering plants and the higher groups. 

(3) Oophytes. In this group a mass of protoplasm, known as an oosphero, 
is fertilized by specialized threads or slender masses of protoplasmic matter 

termed antlierozoids, coming- 
from another part of the 
same or of another plant. 
By contact with these an- 
therozoids the oosphere be- 
comes an oospore, the start- 
ing-point of a new individual 
In this group, of which 
Fiicus or rock-weed may be 
taken as an example, the 
fertilization is direct. 

In the examination of this 
group the student may em- 
ploy the common rock-weed 
which carpets the boulders- 
along the coast. Sections 
should be made in the un- 
even pustulated part of the 
frond, and in a vertical di- 
rection. Good preparations 
can be obtained from mate- 
rial which has been dried or 
from that which has been 
kept in alcohol, and winter specimens will be found especially good. 

Some of the species are 
dioecious, having the male 
elements in the conceptacles 
on one plant and the female 
elements in those upon an- 
other. 

(4) Carpophytes. The 
simplest plants of this het- 
erogeneous group are illus- 
trated by Fig. 211. The 
oosphere is contained in a 
specialized organ (the car- 
pogonium), which is fre- 
quently prolonged to form 
a style-like process (the tri- 
chogyne). The antherozoids 
are carried by water to this process, and fertilization results ; the product of 

Fiu. 210. Fncus, illustrating the fertilization of an odphyte. a, section through a 
conceptacle exhibiting the reproductive organs; h and c, the obsplieres in diiferent 
stages of development; <?, antheridia with a single antherozoid {gY, e, an oosphere 
surrounded by ^antherozoids; /, an oosphere germinating. (Thuret.) 

Fig. 211. Nemalion. acarpophyte. I., a branch showing antheridia, a, and 

a carpogonium, o, with the trichogyne, t (e, spermatium). V., Lejolisia exhibiting «, an- 
theridium, c, carpogonium, and^ ripe fruit ; e, an escaping spore. (Thuret and Bornet.) 
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of flowerless plants. Comparative investigations have, however, 
shown that such gradations do exist, and that the chain of exist- 


fertilization is shown in the figure. Of the more complicated cages this is not 
the place to speak ; their treatment, as well as that of ail the simpler forma, 

may be looked for ill Volume III. 

Speciniens for tliis demonstration of tlie different stages of reproduction are 
to be procured at different seasons. As will be seen from the figure, most of 
the features are so nearly superficial as to need no particular sections for their 
exhibition. 

(5) True mosses and their allies are characterized by the possession of an 
arcliegonium or flask-shaped body containing a central cell in which is the 
oosphere. The oosphere is fertilized by immediate contact with antherozoids 
which are formed in antheridia ; as a result of the fertilization, there is 
produced a spore-case filled with spores. 

In the examination of the fructification of a moss, the plant must be taken 
at an early stage, and search must be made for the sexual orgams by reino\ al of 
the fiow’er-like cluster of leaves 

at the summit of the minute 2. 

stalk. If the removal is success- ' 

fully performed, and the plant is 
in the right condition, a group ^ 

of threads like those shown in * 

the figure will he plainly seen. ^ 

Among these are to be found 
some flask -like bodies, the arche- 
gonia, and either on the same 
receptacle or on another plant 
of the same species the male 
organs, one of which, greatly 
magnified, is shown in Fig. 212. 

Under a very high power the ' 
escaping antherozoids can be 
seen. When fertilization has 
taken place, the arcliegonium 
goes on in its develoxnnent, be- 
coming, after many intermediate • 
steps, the capsule or fruit ” of 
the moss, covered by a sort of 
hood or cap, and tightly closed 
at its mouth by a lid. Removal 
of the lid discloses the teeth of 
the mouth (peristome) and the 
spores within. Upon germina- 

tion, a spore gives rise to slender 212 

filaments among which is pro- 
duced the minute moss-plant with the sexual organs figured in the sketciL 






■I 


FiU. 212. Funaria hygrometrica, a moss. 1. longitudinal section through the 
upper part of the plant with archegonia, a, and leaves, b. 2. Antheridiiim bursting 
and allowing escape of the antherozoids, a. (Thome.) 
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ences is practica% unbroken, reaching from the lowest to the 
highest forms. The character of this evidence will appear in 
the succeeding volume of this series. 


(6) True ferns exhibit the following phenomena of fertilization. On the 
back of the frond there are formed spores in spore-cases, which are variously 

thalli in different stages. 
The most minute of 
^ ^ exhibit the sexual 

^ organs just forming, 

while those which are 
^ more advanced give all 

^ ^ @ ^ @ the features shown in 

eS figures. The stu- 
^ A ® observe that 

on the surface of the soil 
in the flower- pots many 
^^3 other growths are to he 

found, and care must 
he taken not to con- 
found other flat films 
♦ p ^ ^ (belonging, forinstance, 

213 to Hepaticfe) with the 

prothalli of the ferns. 

Sections through the prothallus will exhibit the sexual organs in different 
stages of development. The best material is procured by the cultivation of 

Fig. 213. Prothallus of a fern, exhibiting the reproductive organs. A.t the sinus 
of the heart-shaped film are to be seen the archegonia, one of which, more highly mag-: 
nified, is displayed in section in .zt. an enlarged antheridium with escaping anthero- 
zoids. (Luerssen.) 


SEXUAL AND NOl^-SEXUAL REPRODUCTION. 44S 

1137. Contrast between non-sexnal and sexnal reproduction as 
regards results. In non-sexual reproduction a certain ])oi'tiou 
of living matter is separated from the rest of the living matter 
ot the plant, ami, coining under favox'able conditions, pursues 
an independent existence ; in sexual reproduction, two portions 
of living matter, from different parts of the organism or from 
different organisms, unite to constitute a new individual. 




fern-spores. On a piece of iiii glazed earthenware, for iiistarioe a hroketi liower- 
pot, whicli lias been first boiled for a time in water to destroy any injiirions 
moulds, a few spores are to be lightly 
diivsted. If the whole is covered by a 

bell-jar and kept dark and warm, after IxJZjPI ■ 

a certain time the delicate films will be vSS / f 

detected and can tlien be traced tlirougli x \ I j 

their development. 

(7) Some of the allies of the ferns ^ 

produce .spores of. more thaii one sort, 
differing in size and subsequent devel- 
opment. The larger ' spores, known as 
macrospores, give rise to an included y' 

prothallus which siibser|iiently becomes / 

exposed at one portion, wliere there is / \ 

developed an archegonium (or sometimes / I 

more than one). Previous to or coin- j \ 

cident with this development there is j | ' ^ 

formed within the spore-walls a peculiar | ji 

tissue which has been termeii the endo- I I 
sperm, and which is regarded as the \ 
homologue of the endosperm in gymiio- \ 
spermous seeds. The smaller spores are \ 
denominated inicrospores, and pursue a, 

peculiar course of development. One 

of the cells (seldom more than one) 214 

remains essentially unchanged, while 

the others give rise to the mother-cells of the antherozoids. It is then'fora 
thought proper to consider the sterile cell as the homologue of a rudimentary 
male prothallus, and the others of rudimentary antheridia. From tlie mother- 
cells are produced, sooner or later, the antherozoids by which tiie arcli(*guuiuui 
is fertilized. 

If these allies of the ferns are compared with the aiigiosperms, wide differ* 
ences are found to exist which can be bridged over, in part at least, by the 
gymnosperms. Hence, in some systems of classification tlie gynmospenns are 
placed between the aiigiosperms and cryptogams instead of between the mono- 
cotyledons and dieotyledons. 

Fig. 214. Selaginella. A, F, xnicrospores in different stages of formation of tlid 
antheridia. G, antherozoid ; jET, axile longitudinal section of a maorospore six weeks 
after fertilizatioii, but before germination; n, rudimentary prothallus of the miero- 
spore; jp, prothallus of the macrospore with three archegonia; end, endosperm : e, 
exosporium. ( Pfetfer. ) 
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1138. The new individual, for instance a bud, arising from 
non-sexual reproduction, generally repeats in itself all the pecu- 
liarities of the organism from which it took its origin ; the new 
individual, the seed or spore, arising from sexual reproduction, 
usually differs in some particulars from the organism or organ- 
isms by which it was produced. 

1139. Hence, in the higher plants individual peculiarities are 
perpetuable by bud-reproduction, whereas the seed gives rise to 
variations. If the horticulturist wishes to keep the descendants 
of a given stock true to all the characters which give them value, 
he relies upon some method of multiplying the plant by buds ; 
if, on the contrary, he desires to induce or increase some varia- 
tion from the stock, he makes use of seeds. 

1140. The ordinary horticultural operations by which buds are 
severed from the parent stock and suitablj^ placed for further 
advantageous development are : (1) layering, — the fastening a 
branch in earth, so that while yet connected with its main stem 
it may form new roots and afterwards live independently of 
the stem; (2) the forcing of cuttings or slips, which in con- 
genial soil will produce a supply of roots ; (3) grafting, or the 
transfer of a shoot (a scion) from the parent plant to some other 
plant by which it can be nourished; (4) budding, the transfer of 
a single bud to another plant (see 426). 

1141. While in most cases buds produce shoots or plants very 

closely resembling the parent, it sometimes happens that re- 
markable variations arise. These are known as hud-variations^ 
and are commonly called In general, when once origi- 

nated they are perpetuable by any of the processes of bud- 
propagation just described, but are not likely to be reproduced 
by seed. From the long list of them given by Darwin only a 
few familiar cases are here mentioned: (1) the moss-rose, from 
the Provence rose (Posa centifolia) ; (2) Pelargonium, giving 
rise to numerous varieties ; (3) Dianthus; Sweet William, Car- 
nations, and Pinks, which vary very widely in cuttings from 
a single plant. 

1142. Many of the cases of sports, especially those which have 
descended from hybrids, ai’e attributable to reversion to an ances- 
tral foiin; a few seem to be dependent on changes in the sur- 
roundings; while othei’s have been attributed to the influence 
exerted by a graft. 

1143. Ordinarily the scion produces no marked eifect upon the 
stock, and, eonversel}-, the stock exerts no eflbct upon the shoot 
growing from the scion. But when, for instance, some of the 




OYTISUS ADAML 


variegated forms of Abutilon have been grafted on green-leaved 
stocks, they have been known to affect many of the subsequent 
shoots. Such cases are known as graft-hybrids. The most 
remarkable example is that of Cytisus Adami, a form midway 
between Cytisus laburnum and purpureus. Of this plant Darwin 
says : “ Throughout Europe, in different soils and under different 
climates, branches on this tree have repeatedly and suddenly re- 
verted to both parent species in their flowers and leaves. To 
behold mingled on the same tree tufts of dingy red, bright yel- 
low, and purple flowers, borne on branches having widely differ- 
ent leaves and manner of growth, is a surprising sight. The 
same raceme sometimes bears two kinds of flowers, and 1 have 
seen a single flower exactly divided in halves, one side being 
bright yellow and the other purple ; so that one half of the 
standard-petal was yellow and of larger size, and the other lialf 
purple and smaller. In another flower the whole corolla was 
bright yellow,- but exactly half the calyx was purple. In an- 
other, one of the dingy-red wing-petals had a bright yellow 
narrow stripe on it ; and lastly, in another flower one of the 
stamens, which had become slightly foliaeeous, was half yellow 
and half purple ; so that the tendency to segregation of char- 
acter or reversion affects even single parts and organs. The 
most remarkable fact about this tree is that in its intermediate 
state, even when growing near both its parent species, it is 
quite sterile; but when the flowers become pure yellow or pure 
purple they yield seed.” Passing over the views expressed 
hx many that Cytisus Adami is a hybrid produced by’ seed, the 
account of its origin, quoted by Darwin, is tei-e given, il. 
Adam inserted a shield of Cytisus laburnum in the stem of C. 
iwirmireus- the bud lay dormant a year and then produced a 
Loot which was rather more vigorous than those of C. i 

this shoot was propagated and the plants therefrom were sold as a 
variety of Cytteus purpureus, before they had come in to llowci . 

i'wiffSr Opel 

before this extraordinary tmdeney to accent the forcsoinf! accnmit 

a review of the testimony Darwin was ^ 

of the origin of Cytisus Adami as a graft-hyhnd an 

be placed in tbe same category. ^ OTaft-livbrids the stinlent 

For a Ml statement of “tS*SrDomestic^^ 

shouldread: Darwin, Vamtom Ann 

1868, voL 1, ebap. XI. , v ? , mixed oranges (Bizarna). Con* 

1853 ) ; and numerons papers hy Caspary. 
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1144. Ipogamy. The prothallijs which develops from a fern- 
spore bears upon its under side the sexual organs ; from their 
interaction a bud is produced which grows into the fern-plant. 
Fallow^ has shown that in some cases the prothallus can give rise 
to a bud without sexual intervention. De Barj ^ has traced out 
the connection between this mode of budding and th.at whicli is 
found in certain other plants. To the abnormal budding of the 
prothallus and homologous structures he has given the name 
apogamy. 

114.5. Partlienogrenesis ® is the production of an embiyo with- 
out the intervention of pollen (or the equivalent of pollen in the 
lower plants). Coelebogyne ilicifolia, a species belonging to the 
order Euphorbiacem, has been known to produce seeds with more 
than one embryo, and without access of pollen. It has been 
held bj" some that the embiyos in this ease are formed from 
oospheres which had not been fertilized, but investigations by 
tStrasburger indicate that they are adventitious outgrowths from 
the cellular tissue of the nucellus, and are outside of, not in, the 
embryo-sac. 

In some other eases examined, Strasburger regards the forma- 
tion of embryos outside the embryo-sac as dependent upon the 
fertilization of the oosphere, but in only one case of this kind 
did he observe any embryo form also from the fertilized oospore. 

1146. Polyembryony, the production of two or more viable 
embryos in a seed after the manner just described, is of frequent 
oecurrenee in oranges, onions, and Fnnkia (Day Lily). 

1147. Fertilization in different degrees of consaiigninity. It has 

bcmn shown in Volume I. that “ no two individuals are exactly 
alike ; and offspring of the same stock may differ (or in their 
piogenj’ may come to differ) strikingly in some particulars. So 
two or more forms which would have been regarded as wholly 
distinct are sometimes proved to be of one species by evi- 
dence of their common origin, or more commonly are infeired 

ix ViT*' ’ Fraeeedings Am. Acad., 

2 Botanisohe Zeitung, 1878, p. 449 ci sc?. 

s Braun: Urter Parthenogenesis bei Pflanzen, 1857; Hanstein : Die Parthe- 
nogenesis der Cwleb^ne iUdfolia, 1877 ; Hanstein : Botanische Abband- 
lunocn, 18/7; Strasburger: Befruchtung und Zelltheilung, 1878. 

Cases of parthenogenesis occur in the lower plants, where they have been 

bekn^^o t “T considerable time. Their consideration 

Dt longs to tiio noxt volume of this series. 

(Cmr’', T of parthenogenesis in animals, see Balfour : Treatise on 

Comparative hmbiyology, 1880 ; also Brooks on Heredity, 1883, p. 65. 
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to be SO from the observation of a series of intermediate forms 
which bridge over the diiferences. Only observation can inform 
m how much difference is compatible with a common origin. 
The general result of observation is that plants and animals 
breed true from generation to generation within certain somewlmt 
indeterminate limits of variation ; that those individuals wiiioh 
resemble each other within such limits interbreed freely, while 
those with wider differences do not. Hence, on the one hand, 
the naturalist recognizes or differences within tlu^ 

species, and on the other, Genera and other superior associations 
indicative of remoter relationship of the species themselves,” 
Most varieties originate in the seed, and therefore the foun- 
dation for them, whatever it may he, is laid in sexual I’eprodue- 
tion. . . . Upon the general principle that progeny inherits or 
tends to inherit the whole character of tlie parent, all varieties 
imist have a tendency to be reproduced by seed. But the in- 
heritance of the new features of the immediate parent will ('om- 
monly be overborne by atavism ; that is, the tendency to inlieril 
from grandparents, great-grandparents, etc. Atavism, acting 
through a long line of ancestry, is generally more powerful than 
the heredity of a single generation. But wdien the offspring does 
inherit the" peculiarities of the immediate parent, or a part of 
them, its offspring has a redoubled tendency to do the same, and 
the next generation still more ; for the tendencies to be like par- 
ent, grandparent, and great-grandparent now all conspire to tills 


•different species 
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internal, under which the reproductive elements have been pro- 

diiced are widely dissimilar. 

_ The mechanism by which close-fertilization is secured in some 
instances and absolutely prevented in others has been fully 
explained in Volume 1. The account of the mechanism is now 
to be supplemented by a statement of the results of reproduction 
in the different degrees of relationship. 

1151. The results of close-fertilization contrasted with those 

of cross-fertilization. It has long been known to cultivators of 
plants, that in order to keep the desirable varieties which are 
under cultivation “ true to seed” they must be close bred ; that 
is, all pollen from other varieties of the same species must be 
excluded. The whole subject is best illustrated by reference to 
the numerous experiments by Darwin ; the exhaustive nature of 
which is indicated by ah account of a single series given nearlv 
m his own words. ^ 

1152. The plants experimented upon in all cases were raised 
from carefully ripened seed, and, when ready to flower, were 
placed under nets with meshes of one tenth of an inch in diame- 
ter, m order that all pollen-ean-ying insects might be excluded 

A plant of Ipomma purpurea (Morning Glory), growing in the 
greenhouse, was protected in the manner just described, after ten 
of Its flowers had been fertilized by pollen from their own sta- 
mens, and ten others, by pollen from a distinct plant of the same 

maybe termed 

self-fe) hhzed, those from the other ten, crossed. The two kinds 
of seeds were placed on damp sand on opposite sides of a class 
covered by a glass plate, with a partition between the 
seeds, and the glass was put in a warm place. As often as a pair 
2 seeds germinated they were put on opposite sides of a pmt, 

li e 11 same procedure 

was followed until five or more seedlings of exactly the same age 

were planted on the opposite sides of several pots. The soufn 
e pots m which the plants grew was well mixed, and the plants 
on the two sides were always watered at the same time ; thhs thl 

In toe same manner self-fertilized and crossed seeds were 
secured during ten generations. The results, so far as these can 


* Darwin: Effects of Cross and Self Fertilization, 1876, p. 52. 



Nuia'ber of the 
Generation. 


First . 

Second 

Tliird. 

Fourtli 

Fifth . 

Sixth • 

Seventh 

Eighth 

Ninth 

Tenth 


All ten generations 
taken together. 


1153. The results of close and cross fertilization, as shown by 
the weight of the seed-capsules, are given by Darwin thus : “ The 
offspring of intercrossed plants of the ninth generation, crossed 
by a fresh stock, compared with plants of the same stock inter- 
crossed during ten generations, both sets of plants left uncovered 
and naturally fertUized, produced capsules by weight as 100 
to 51.”^ 


1 The following sxmmary (Darwin : Effects of Cross and iielf Fertilization, 

p. 56) shows more of the results: — ^ ^ 

First generatimi of crossed and sdfferUlimd planU growing in mnipdikm 
with one another. Sixty-five capsules produced from fl<3wera on five cro«Metl 
plants fertilized hy pollen from a distinct plant, and fifty-five capsules pro- 
liced from flowers on five self-fertilized plants, fertilized by their own pollen, 
contained seeds in the proportion of . • - • • • * V* 

Fifty-six spontaneously self-fertilized capsules on the above five crossed 
plants, and twenty-five spontaneously self-fertilized capsules on five 

seif.fertilized plants, yielded seeds in the proportion of . * 

Combining the total number of capsules produced by these plants and the 
average number of seeds in each, the above crossed and self-fertilized plants 
yielded, seeds in the. proportion of . - 

Other plants of this generation grown under unfavorable eomh ions and 

* . ... „ ... •• < t 1 ..l.. i-.. M 1 lllf T.ii 4rkit. 
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^ 1154. “All the self-fertilized plants of the seventh genera- 
tion, and I believe of one or two previous generations, produced 
flowers of exactly the same tint; namely, of a rich dark pur- 
ple. So did all the plants, without an 3 ' exception, in the throe 
succeeding generations of self-fertilized plants; and very many 
were raised on account of other experiments in proo-ress not 
here recorded. . . . The flowers were as uniform in tint as 
those of a wild species growing in a state of nature. 

The crossed plants continued to the tenth generation to vary 
m the same manner as before, but to a much less deo-ree 
owing probably to their having become more or less closely 
inter-relatecL’’ ^ ^ 

1 self-fertilized generation there appeared a 

plant which was larger than its crossed eompetitor, and its pow- 
ers of growth and fertility were, transmitted to its descendants. 

ms it appears that even with the exclusion of foreign pollen 
new chanicters can assert themselves. 

^ lloC. It was not found in these experiments that simply cross- 
ing a flower from another flower on the same plant was produc- 
tive of any advantage; on the contrary, there are some cases 
w ich show that it may result in an actual disadvantage. “ The 
benefits winch so ge nerally follow from a cross berween two 

fertilized, was as . . . both spontau 

of crossed and ^if' 

ers ou the crossed plants fertilized bv nnllPTi f. ^ ^ 

from flowers on the self-fertilized f +-r another plant, and capsules 

taincl seeds iu the ptp„£ oj ^ with their own pollen, eon- 

the self-fertilized, and these* con actually comited) than 

plants spontimeouslv self fpi-HlirpU plants. Fourteen crossed 

neously eh-ferS Sh self-fertilized plants sponta- 

notJin,heenttS5^ 

ThtT4£ro“ 

by a fresh stock, compai-ed with T f 

ten generations, both sets of pWs left ™ intercrossed during 

produced capsules by weif^ht as ' uncovered and naturally fertilized, 

1 Darwdn : Effects of Cmss and" sJlf Fertilization, p. 59. ' ’ 
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plants apparently depend on the two differing somewhat in con- 
stitution or character. . . . The mere act of crossing two distinct 
plants which are in some degree inter-related and which have 
been subjected to nearly the same conditions does little good 
as compared with that from a cross between plants belonging 
to different stocks or families and which have been subjected to 
somewhat different conditions.’' ^ 

1157. In Volume 1. the different methods by wliich cross- 
fertilization is effected were sufficiently described, but ciertniti 
special questions were then purposely left iinauswereti ; namely, 
those in regard to tl\e anatomical and chemical nature and tlie 
distribution of the attractions by which insects are allured to 
flowers to insure cross-pollination. 

1158. The nectar which certain flowers offer to insects is made 
known by color or odor, or both. It is the sweetish liquid com- 
monly called the honey ” of the flower, secreted by certain 
specialized organs known as nectar-glands. Mention has already 
been made (453) of the occurrence of these glands on leave*. 
Ill the flower they consist usually of specialized parenchynia not 
imlike the secreting surface of the stigma (see 1109). They 
are sometimes raised by a stalk, or adenophore^ more or less 
above the surface of the floral organ on wdiieh they are de- 
veloped, but often not elevated at all. 

1159. Nectar-glands may occur upon any part of the flower, 
upon its bracts, or even upon some part of the flow^er-stalk near 
it. The ‘‘Cow-pea” of the Southern States affords a good 
example of neetar-glands on the flower-stalk. Many species of 
Euphorbia have them on bracts ; the common Passion-llower 
and the cotton plant of the South also have them on the siinie 
organs. The most remarkable case of mTangement of the glands 
is found in a tropical plant, Maregravia nepenthoW^^^^^^ this lins 
been thus described: The , flowers are disposed in a cinle, 
hanging downwards like an inverted eandelabrum. Irom tlie 
centre of the circle of flowers is suspended a number of pitelnn’- 
like vessels, which, when the flowers expand ^ in February and 
March, are filled with a sweetish liquid. This liquid attracts 
insects, and the insects numerous insectivorous birds. . Tbe flow- 
ers are’ so disposed, with the stamens, hanging' downwavds, that 
'the birds to .get at the pitchers must brush: against them,, and 

thus convey the pollen from one plant to another. ^ 


1 Darwin : Effects of Gross and Self Fertilization, p. 61. 
^ Belt : Naturalist in Nicaragua, 1874, p. 128. 
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1160. From the neetar-glands of proper floral organs the secre- 
tion of nectar is generally copious and is prone to collect in 
minute cavities such as shallow pits, or in conspicuous special 
receptacles, the so-called nectaries. The morphology of these 
organs has been sufficiently described in Volume I., Chapter Vl« 
116L The specific gravity of nectar, is very variable. The 
following figures are from Ungef s ^ determinations : — 

Agave Americana 1.05 

** geminiflora n ()9 

** Imida ... . . . \ 1 20 

If it is assumed that the solid matter in nectar is wholly sugar, 
these figures would correspond respectively to the following 
amounts of cane-sugar; namely, 10, 18, and 41.66 per cent.^ 

1162. The period of most copious secretion of the nectar usually 
coincides with the maturity of the anthers or of the stigma, but 
in some cases the nectar is prepared in considerable quantity 
before the flower opens.* 

1163. The secretion of nectar can he arrested, as Wilson has 
shown, by carefully washing the secreting surface with a jet of 
water and then drying it with filter-paper. Nectaries which 
have been thus made inactive through removal of the nectar can 
be again brought into activity by adding to the surface a little 
Strong syrup. 

1164. The secretion from nectar-glands is not dependent upon 
the pressure exerted by contiguous cells. When the flow of the 
nectar from a nectar-secreting surface has been arrested in the 
manner described above, a pressure of even 40 centimetres of 
mercury upon the stem is insufficient to produce any eflfect ; but 
the activity of the surface is at once resumed when a little syrup 
is placed upon it. 

The secretion of nectar can proceed even when the tissues are 
not turgeseent.'* 

1165. The colors of flowers depend, as indicated in 477, 
upon the existence in the cells of minute granules or of colored 
sap. The shades may be modified to some extent by accidents 


^ Sitzungsberichte, Berlin Akademie, XXV., 1857, p. 446. 

Wilson : in TJntersuchnngen aus dem hot. Inst., Tubingen, 18S1, p. 7. 
Bonnier : Les neetaires, Ann. des Sc. nat., s6r. 6, tome viii, 1879, p. 5. 

by Wilson in Untersuchun gen aus 

dem hot. In^. Tubingen, 1881, i. p. 1; also an excellent paper by trelease, 

t,™ Dept, of Agrionl- 

tme, which contains a comprehensive liibliograpliy. 
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of surface : e, g,^ in the ease of velvetj petals the color is oflea 
softened, sometimes to a remarkable extent. 

1166 . Contrasted colors are often seen in a single flower. In 
general these are so disposed in spots or lines as to. suggest that 
they bear a direct relation to the point where the nectar is se- 
creted; hence such color-marks were called by Sprengel nectar- 
S2:)0ts or nectar- guides. But in some cases flowers have conspicu- 
ous spots without being nectariferous; e, g, certain poppies. 

1167. Darwin cites the following case as showing that iieetar- 
marks have been developed in connection with the nectaiies; 
“ The two upper petals of the common Pelargonimn are thus 
marked near their bases, and I have repeatedly observed that 
when the flowers vary so as to become peloric, or regular, 
they lose their nectaiies and at the same time the dark marks. 
When the nectary is only partially aborted, only one of the 
upper petals loses its mark. Therefore the nectary and these 
marks stand in some sort of close relation to one another, and 
the simplest view is that they were developed together for a 
special purpose ; the only conceivable one being that the marks 
serve as a guide to the nectary,’’ ^ 

1168. The colors of the flowers in certain species change more 
or less after opening ; thus many Borraginaceae turn from red 
to blue even during a short space of time. One of the most 
interesting cases of this change of color is presented by Arnebia. 
When the flower opens each lobe of the yellow corolla is con- 
spicuously marked by a deep purple spot ; after a few hours this 
begins to fade, and by the next day entirely vanishes. 

1169. Of all colors of flowers white, pale yellow, and yellow® 
are the most common. 


1 Effects of Cross and Self Fertilization, 1876, p. 87S. 

2 The follomng table by Kohler and Schiibeler {cited by Balfonr) exhibits 
the relative frequency of certain colors in the plants of twenty-seven difhireiit 
iamilies of plants : — 


of icm 


Color of flower. 


Wliite . 
Yellow 
Bed . . 
Bine . 
Violet . 
Green 
•Orange 
Brown. 
Black . 
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1170. The colors of flowers have been variously classified ; thus 
De Candolle divides them into a xanthic (yellow) and a cyanic 
(blue) series, both of which can pass into red and white. With 
few exceptions, these two series are not represented in the same 
blossom. 

1171. The odors of flowers depend in some cases (e. 
orange-blossoms) upon the presence of a volatile oil w^hieli can 
be extracted by distillation ; but in many other instances the 
odoriferous principle cannot be separated by chemical or other 
means, 

1172. White flowers are more generally fragrant than those 
of any other color. The fact of a larger proportion of white 
flowers smelling sw^eetly may depend in part on those which are 
fertilized by moths, requiring the double aid of conspiciioiisiiess 
in the dusk and of odor. So great is the economy of nature that 
most flowers which are fertilized by crepuscular or nocturnal 
insects emit their odor chiefly or exclusively in the evening.” ^ 


1 Darwin; The Effects of Gross and Self Fertilization in the Vegetable 
Kingdom, 1876, p. 374. 

According to Kohler and Schiibeler (cited by Balfour), the distribution of 
odor with regard to color is as follows : — 


Color. 

Species. 

Odoriferous. 

Odors 

agreeable. 

Odors 

disagreeable. 

White . ...... 

1193 

187 

175 

12 

Yellow ...... 

951 

75 

61 

14 

Red 

923 

85 

76 

9 

Blue ....... 

591 

31 

23 

7 

Violet ....... 

307 

23 

17 

6 

Green . ' 

153 

12 

10 

2 

urange ...... 

50 

3 

1 

2 

Brown , . . . . . 

18 

1 

0 

d i 


The following classification, taken partly from Trincbinetti, as cited by 
Balfour, indicates the diversity which exists in regard to the periods and per- 
maneuce of odors of flowers, 

(1) ilowera which are odoriferous at the time of opening and wliicli remain 
so throughout ; e. most Roses. 

(2) Flowers in which the intermission of odor is connected wdth their 
opening and closing ; and in this class there are two subdivisions : — 

{a) Those which are closed and scentless during the day, and are open and 

odoriferous at night ; c. g. Mirabilis Jalapa, Cereus grandiflorus, etc. 

{ ) hose which are closed and scentless at night, and are open and odor- 
iferous during the day ; e. Convolvulus arvensis, Gucurbita Pepo, some 
species of Kyraphaea. 
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, 1173» Nectar is protected ' in various ways from iiiiweksonie 
insects', ttiat.is, from those which cannot aid cross-fertilization. 
The chief of these is by the structure of the flower itself or the 
parts below. ^ Characteristic odors and certain colors may coii- 
trilmte to this protection. Thus,, as Muller has pointed out, 
'dull yellow flowers are entirely, or almost entirely,' a void( 3 d by 
beetles, while . they are visited by Diptera and Hy.men(}ptc‘ra 
(flies and bees). 

1174. Hybrids are the offspring of crossed species. But, as 

shown ill Volume I. page 320, the limits whicli s<*purati* varie- 
ties from species are sometimes not sharply defined'; lienee it 
.happens that the term hyhrid has been also applied to crosscH 
between strongly' marked varieties of tiie same s}')ecit‘s. Sucli 
offspring slioiiid, however, be termed either variety 4 lylnlds or 
cross-breeds, and the wBrd hybrid kept to its proper signiliea- 
tion. . ' 

1175. Wide differences exist in, the degrees of cajiaeity for 
. .producing hybrids. Thus certain closely allied ' species cannot 

be made to cross, while others much more remote in apparent 
relationship are crossed without difficulty. 

1176. In general the limits of capacity for hybridizing do not 
extend be^^ond the genus ; a few cases, however, are known in 
which species usually assigned to different genera have been 
successfully crossed.^ Hence it cannot be known beforehand 
whether the attempt to cross two species will be successful. 


(3) Flowers wliicli are always open, hut which are odoriferous at one time 
and scentless at another. Under this chiss there are also two subdivisions : 

{«) Those always open, and only odorithrous dining tlie flay ; t. g. 
Oestrum diiirnmn, Coronilla glaiica, etc. 

(&) Those alwaj's open, and only odoriferous at night; e* p. Ceatram 
nocturmnn, Hesperis tristis, etc. 

In certain cases odors are given out hy flow'ers in an interroittent inaiiiicr, 
Tliis is strikingly shown in some of the larger night-flowering species of 
CactaceiP,. 

Del])ino has given (Ulteriori Osservaziotii siilla Dieogamia nel Begrio Vege- 
tal©, 1868-1874) an elaborate classification of odors as they exist in llowers. 
He makes forty-five kinds w'hicli are readily distinguishable as wlsile 

between these kinds thf*re are of course iiinuraeralde gradations. 

4 Focke notes that h^^rids between vSpeeies belonging to diflerent genera 
are comparatively eomnion in the following families : (.■aryophyllacea*, Melas- 
tomaceae, Passifloraceffi, Cactaceie, Gesneriaceje, OrclndaeeiB, Ainaryllidnceje, 
and Cframinese ; and he cites also the foilowing instances outside of these 
families ; Brassica X Ra])haiius, Galium X Aspemla, Centropogon X Si|)!io- 
campylus, Campanula X Phytenm Verbaseum X Celsia, Pliilesia X LapaguTia. 
IPflanzen-mischlinge, 1881, p. 456). 
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1177. In reciprocal hybridization the pollen of A is effective 
when applied to the stigma of i?/ and, conversely, the pollen of 
^ is potent when applied to the stigma of A, But it sometimes- 
happens that the rule will not work both ways. Thus the pollen 
of Mirabilis longiflora was found by Kolreiiter to produce hybrids 
when applied to the stigma of Mirabilis Jalapa; but the pollen 

‘of the latter was without effect upon the stigma of the former. 
Other cases are known, but the cause of this extraordinaij 
preference is not understood. 

1178. Hybrids are produced artificially by the transfer of 
pollen from one species to the stigma of another species, care 
being taken to exclude all pollen of the second species from its. 
own stigma. The pollen is best transferred by means of a sable 
or camel’s hair pencil.^ Exclusion of the pollen of the flower 
to be fertilized must be secured by removal of the anthers before 
the flower opens. This is easily effected by the use of delicate 
forceps, an incision being carefully made in the side of the 
corolla. After the application of the pollen to the stigma, the 
plant or blossom must be covered by some close netting. 

1179. Following the application of the pollen, changes take- 
place in the fertilized flower. But, as Nageli has pointed out, 
these changes in many cases fall far short of yielding satisfac- 
tory results to the experimenter. Nageli describes several grades 
of partial fertilization ; (1) that in which the ovary, and per- 
haps the persistent cah-x, grows somewhat without appreciably 
affecting the ovules ; (2) that marked by greater growth of the 
ovary, and by slight enlargement of the ovules, which after- 
wards shrivel up ; (3) that with small imperfect fruits with 
empty seeds ; (4) that having good fruits with empt}^ seeds ; 
(5) that with normal fruits with apparently perfect seeds which 
have no germs ; (6) that producing good fruits with seeds which 
have only minute germs incapable of further development. 


Some of the eases in which hybrids have been produced between the 
species of different genera are given by JS^eli (Sitz. d. k, Akad. d. Wiss. z. 
Miinchen, 1865 and 1866), as follows : Rhododendron and Azalea, Rhododen- 
dron and Rhodora, Rhodora and Azalea, Rhododendron and Kalmia. Of those 
a o\e mentioned, Rhododendron, Rhodora, and Azalea are now placed by 
Bentham and Hooker in a single genus, Rhododendron. 

_ It is of pat importance that the pollen should he applied at exactly 
the proper period for impregnation. This is usually indicated by the moistur® 
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,1180. If to a stigma pollen from two species is applied siinnl- 
taneously, only that will be potent which has the greatest sexual 
affinity, and no apparent efiect will be produced by the other. 

1181 . With some remarkable exceptions, hyluids shart? the 
general characters of their parents, and are intermediate betweem 
them. It sometimes happens that part of tlie otfspring of ii 
single union will have certain characters, while the rest,^ raised 
from the same seed-pod, will possess others. 

^ This and certain other points referred to in the text ijre well 0hl^<tr;l^^^i 
by the case of Parkrnaif s Lily, which is here deseribed nearly in full ; -- 

“ My first attempt was to combine the two snperh fJai>anese lilies, L. speeio* 
sum (hmcifolium) and L, anratum. The former was used as female 
parent. Four or live varieties of it, varying Irom piire white to deep nni, were 
brought forward in pots under glass. Tliis was necessary, because L. speeicrsinii 
does not ripen its seed in the open air in tlie climate ot' New Englaiui, IV hen 
the flowers were on the point of opening, the anthers were cjirefully removed 
from the expanding buds by means of forceps. As the pollen was entirely 
unripe, and as pains vvere taken to leave not a single anther in any of the 
flowers, self-impregnation was impossible. The pollen of L, anratum va» 
then applied to the pistils as soon as they were in condition to receive it. 
Impregnation took place in most cases. The seed-pods sw’elled, and 
an ample crop of seed; but the experiment was spoiled by the bad nianugcment 
of the man in charge of the greenhouse, in consecpience of which the |aids were 
attacked by mildew. 

In the next year I repeated the attempd, with the same precautions. 
This time the seed was successfully ripened. Being sown immediately, a por- 
tion of it germinated in the following spring, and the rest a year later. In 
regard to this seed, two points were noticeable: first, it was scanty, the imd& 
(though looking well) being in great part filled with abortive sc'cd, or im-re 
chaff ; and, next, such good seed as there was differed in appearance from t he 
seed of the same lily fertilized by the pollen of its own species, Tlui latter 
smooth, whereas the hybrid seed w^as rough and wrinkled. About fifty yenng 
seedlings resulted from it; and their appearanee wirs vm'y encouraging, heeaime 
the stems of nearly all were mottled in a niauner chanu'tcrisf ie of L. auratuoi, 
hut not of L. speciosum. Here, then, was a plain indication of tlie influence 
of the male parent. Tlie infant bulbs were pricked out into a cold-franus iuhI 
left there three or four years, when, having reitched the size of a pige^nds egg, 
they were planted in a bed for blooming. This was in 1869. Towanls mid- 
sumnier, one of the young hybrids showed a large flower-bud much like that 
of its male parent, L. anratum. The r€.st, about fifty iu all, showed no buds 
until some time after ; and when the buds at length appeared, they were |ii‘e- 
cisely like those of the female parent, L. speciosura. The first bud opened on 
the 7th of August, and proved a magnificent flower, nine and a half inches in 
diameter, resemhling L. anratum in fragrance and form, and tlie most hnl- 
liaiit varieties of L. speciosum in color. In the following year it nieasm-ed 
nearly twelve incdies from tip to tip of the extended petals ; and in England it, 
has since reached fourteen inches. . . . In this one instance the exiieriiucnt 
had been a great success; but of the remaining fifty hybrids, not one produced 
a flower in the least distinguisliahle from that of the pure L- speciosum. I he 
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1182. Focke has shown that hybrids between remotely related 
species are generally delicate and difficult of cultivation, but that 
those which result from nearly related species are remarkable for 
the vigor of their vegetative organs. Nageli has also pointed 
out that the latter have a somewhat longer lease of life than the 
parents ; thus annuals can become biennials or even perennials. 

1183. Hybrids between closely related species usually have 

larger or more showy flowers than either of the parents, but their 
reproductive organs are much weaker. This diniiniitioii of fer- 
tility may be complete, but it is usually only partial. The pollen- 
grains are generally fewer and often less developed, the ovules 
are less likely to afford sound germs. As a rule, the stamens 
are more affected than the pistils. ^ 

1184. Derivative hybrids are the offspring resulting from a 
union of a hj'brid with one of the parent forms, or with another 
hybrid from a different source. In the former case there is fre- 
quently observed a marked tendency towards reversion, which 
rnay be heightened by repeated experiments in the same direc- 
tion, until at last it is complete.^ 

1185. Hybrids and their offspring exhibit a marked tendency 
to vary. This fact is utilized by hortictiltiirists in the production 
of new varieties. Varieties thus produced must, however, be 
perpetuated by other means than by seed.^ 


influence of the alien pollen was shown, as before noticed, in the markings of 
the stem, and also in a diminished power of seed-bearing ; but this was all 
In the next year, wishing to .see if the male parent would, not make his 
iiifliienee a|)pear more distinctly in the second generation, I fertilized several 
of these fifty hybrids with the pollen of D. auratum, precisely as their fe* 
rnale parent had been fertilized. The crop of seed was extremely scanty ; but 
there was enough to produce eight or ten young bulbs. Of these, when 
they bloomed, one bore a flower combining the features of both parents; 
nit, though large, it was far inferior to L. Parkmanni in form and color, 
iiie remaining flowers were not distinguishable from those of the pure 
L. speciosum ’ (Bulletin of the Bussey Institution, ii., 1878, p. 161). 

^ 1 for a full treatment of this subject, the student should examine Nagelfs 
treatise m bitzimpbenchte der Kbnigl-bayer.-Akad, der Wissenschaften zu 
Munchen, 1865, n. ; and that by Poeke, Fflatizen-mischlinge, 1881 

Per a full account of the variation of hybrids, the kudent should see 
Kaudm, Ann. des Sc. nat., ser. 4, 1863, tome xix. 

For ^ stu4y of the influence of foreign pollen on the form of the fruit, sat 
a paper by Maximowicz : St, Petersb. Acad. Sci. Bull, xvii, 1872, col. 275. 
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1?HE SEED AND ITS OEEMIKATION* 

1186* Thus far this treatise has dealt chiefly with the phemoin- 
ena presented by the organs of adult plants, especially wliile 
these are in a healthy state. It is necessary to consider in con- 
clusion a special case ; namely, that of the seed, and the earliest 
phases of its independent existence. 

1187. When a fertilized ovule approaches maturity, Its activi- 
ties become notably lessened in degree imtii, with perfect ripe- 
ness of the seed, the embryo manifests no indication of life. In 
a few cases the seed is so precocious that it will germinate even 
before it is detached from the parent plant ; but there is usually 
a period of suspended activity, 

1188. Two views are held as to the nature of the life of the 
embryo during this period of arrested activity: (1) that it Is 
simply potential, and may be roughly compared to the Are in a 
match, ready to manifest itself under favorable conditions; (2) 
that it is a sluggish, dormant state, which differs from active life 
only in degree. 

1189* From the first point of view it is easy to regard the 
seed as representing a certain amount of potential energy^ indi- 
rectly derived from solar radiance, and held for a time in a con- 
dition from which it. may be released in many w^ays,:' thus, it may 
be' liberated by rapid combustion, , as when corn is burned for 
fuel ; ' by slow oxidation, as when seeds decay or by the act of 
germination. ■ 

: 1190. The second view takes Into account, although It does 
not explain, the slight changes which take place In certain seals 
and some ' other parts, especially buds, during wimt: has been 
called the resting state. 

1191. It has been stated (076) that many seeds* cannot be 
made to start into active growth, even under the most favorable 
external conditions, : until after the lapse' of a definite period. 

. Nothing is yet 'known as to the exact structural and other changes 
which go on by virtue of this peculiarity. 
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1192. Bipeiiiii^ of fruits and seeds. The structural changes 
attending this process, taken together, result in adaptations for 
providing the embrjD with an ample supply of food, for giving it 
adequate protection during its resting state, and for securing 
its dissemination. 

1193. The chemical changes comprise chiefly the storing up 
of a sufficiency of food of a proper character to support the 
embryo for a time. In pulpy fruits they are mostly associated 
with the consumption of a certain amount of oxygen and the 
liberation of more or less carbonic acid. Many of the chemical 
changes can go on after the separation of the fruit or seed from 
the parent plant. 

In the ripening of pulpy fruits the important changes in- 
texture are attended by the formation of sugars, acids, etc. , and 
by modifications in the character of the walls of cells. 

1194. Disseiuinatiou is most frequently secured by (1) some 
mechanism for transport b}’^ air, water, fleece, or plumage ; (2) 
the construction of some expulsive apparatus ; (3) the existence 
of certain attractions of taste, color, and odor, by which the 
seeds are made the food of birds. In the last case the germ 
itself, protected against the action of digestive juices, is often 
carried to great distances from the parent plant. 

1195. Ripeness of seeds. The embiyo is sometimes viable, or 
capable of independent life, at a very early stage. Immature 
seeds are of course deficient in their supply of proper food for 
the embr 3 D, which is only imperfectly developed, and their in- 
teguments are not yet adapted to protect the germ adequately. 
But in certain instances such seeds maj’ germinate, giving rise 
to strong and healthy plants. Cohn ^ has shown that seeds which 
are not perfectly ripe germinate somewhat sooner than those 
which are more mature ; this means that the store of food is in 
a condition which admits of immediate use. He has further 
pointed out that seeds separated from the plant, but still enclosed 
in the pericarp, ripen; and he believes that those seeds which 
have reached a medium stage of ripeness germinate most readily . 
“ Viabilit}^ doeshot coincide with ripeness ; it precedes it.” ^ 

1196. Shortly before the period of ripening, the part which 

^ Floi-a, 1849, p, 481. 

2 There is some reason to believe that in the case of certain cultivated vege- 
tables unripe seeds may give rise to earlier varieties than come from ripe seeds. 
For numerous citations from the extensive literature of the subject see a paper 
by the author in the Report of the Secretary of the Massachusetts Board of 
Agriculture for 1878. 
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connects the fruit or seed with the parent plant undergoes markc^d 
changes, which ultimately effect or permit complete sc^paration 
of the seed from the plant without any injury. The process of 
separation has been compared to that by which the leaf is de- 
tached from, the branch in the autumn. 

1197. Hew long can a seed retain its vitalltj! Some seeds 
perish shortly after separation from the parent unless they are 
at once planted, while others preserve their vitality for long 
periods. In experiments by De Candolle seeds of three Inui- 
dred and sixty-eight species of plants were kept in the 
place and under the same conditions for fifteen years. Tiic 
following results are recorded ; — 


Of 1 Balsaminaceaa 


1 came up, or 100 ]xt cent. 


“ 10 Malvaceae 6 “ “ “ 50 “ 

** 45 Leguminosm 9 ** ** 20 ** ** 

» 30 Labiate 1 ** u ^ a u 

** 10 Scropbulariacese . • * . . . . . 0 “ ** 

“ 10 ITmbelliferffi 0 « 

** 16 Car3"ophynace8e 0 ** “ 

32 Gramineje . . . • . , . , . • 0 ** ** 

“ 34 Craciferas . 0 “ “ 

** 45 Compositse . . 0 “ “ 

1198. Daubeny, Henslow, and Lindley found that the seeds 
of a species of Colutea germinated when forty-three years old, and 
those of a Coronilla w^hen forty-two years old. They ascertained 
that the seeds of plants belonging to twenty genera experimented 
on, germinated after from twenty to twenty-nine years" separa- 
tion from the parent plant.^ 

There is no unquestioned evidence that wheat-grains from the 
wrappings of mummies have been made to germinate.^ 

1 Keport of the British Association for the Advancement of Science, 1850, 

l^The following notes of cases of prolonged vitality may ha of interest : — 
M B. Brown ra’u dit avoir fait gormor des graines de Nelmnlnuni specio- 
stun extraites par Ini de I’lierbier de Sloane, c'cst-!i-dire ayant an tuwus 150 
ans (De Candolle: (Jdographie Botaniquo raisonn4e, 1865, p. 542). 

Seeds of Nelumbium (Jamu) have sprouted afterthey had been m the ground 
for a century (Lvell’s Second Visit to the United States, u., 1849, p. 828). 

The grains of wheat found in mummy-wrai.pings are umfomly hkekened 
as if hy slow charring (erermcaum), and there is no evidence of a tmtworthy 
character that such seeds have ever been made to germinate. The account 
hy Count von Sternberg of the germination of wheat supped to have hun 
procured at the unrolling of a mummy will he found m Isis, 183C, col. 
715-717. 
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THE SEED AND ITS GBBMINATION, 


GERMINATION 

1199. Germination,^ the process by which an embryo unfolds 
its parts, is complete when the plantlet can lead an independent 
existence. 

1200. The conditions necessary for germination are (1) moist- 
ure, (2) free oxygen, (3) warmth. 

1201. The amount of water required to initiate the process 
of germination is, in general, that which will completely saturate 
and soften the seed. Germination does, however, begin in cer- 
tain cases even when only the radicle and the albumen directly 
around it have become soaked. 

The amount of water requisite for the saturation of a seed has 
been determined for a large number of plants, and will be seen 
by a comparison of the results to vary within wide limits, depend- 
ing on the percentage of water already present and the character 
of the albumen. It is plain that in very exact determinations 
account must be taken of the possibility of a loss by the seed 
of a portion of its contents while in water ; in three days this 
amounts in the common bean to a little over two per cent. The 
cereals require a comparatively^ small amount of water for satu- 
ration, while leguminous seeds absorb a much larger quantity/^ 

1 It is well to distinguish between two stages in the process of germination, 
\1) that marked by the protrusion of the first rootlet, (2) the subsequent de- 
velopment of the embryo into an independent plant. The reason for making 
this distinction is, that most of the experiments upon the relations of tempera- 
ture, etc., to germination have usually terminated at the first stage ; whereas 
the vigor of the plantlet as seen at a later stage is an important factor in 
deducing results to guide practice in sowing seeds. 

2 The table below, by Hoffmann ( Versuchs-Stationen, vii. , 1865, p. 52), has a 
parallel column of results obtained at Tliarandt (Nohbe: Samenkunde, p. 119): 



Percentage of liquid water absorbed. 

Species. 

Observations by 

Observations at 


Hoffmann. 

Tharandt. 

Indian com 

44. 

.. 39.S 

Wheat . . ... . . . • . . . 

45.5 

60. 

Buckwheat • . . 

46,9 


Rye 

67.T 


Oats ■ ' . ' . , , ' , ... , . ■ . . . 

69.8 


White beans . . . . . . . * , , 

92.1 


Windsor bean . . . . * . .... 

104. 

157. . 

Peas " . ' . .... • . . ■, 

106.8 

(a. 96. 

. lb. 71, 

Red clover .... . . , , . . , 

117.5 

, ' 105.3 ■ 

Suajar beet . . . . . , . , , , . 

120,6 


White clover . . . 

126.7 

89. 


■ ABSOKPTION OF WATEE BY SEEDS. . . , 4:M ■■ 

1202. The increase of seeds in size accompanying the abssorp- 
tion of water is ascertained by placing them, from time to time 
in a narrow graduated cylinder, pouring over enoogb water 
to completely cover them, and noting the height at which tln> 
water stands ; then pouring it into another graduated glass and 
accurately measuring it. The difference in amount of water in 
each case indicates the voliiine of the seeds. The work must 
be done expeditiously in order to avoid the error arising fn>!n 
absorption during the period of measuring; but this error in 
any case is slight. 

1203. The following results may be of interest and serve as a 
guide to the student.^ 

65.418 grams of air-dried peas, having a volume, of 43 cubic 
centimetres, W’ere soaked in water at a temperature of’ lid- 
21® C. The soaked seeds were at each measurement careliilly 
dried by blotting-paper : — 


1. In absolute figures. 


2. In percentages. 


Weight. Volume. Weight. Vohimo. 


14 hours . 
41 “ . 

70 . 


70 hours . . 


46.41 gr. 
8.02 
8.52 “ 


62.95 gr. 


The gain in weight in 70 hours was therefore 96 per cent, and 

in volume 167 per cent. ■ . ■ 

In another experiment the changes were as follows : 1 hasoolus 
vulgaris gained in weight, in 48 hours, 100.7 per cent, and in 
volume, 134.14 per cent. In still another experiment, with the 
same species, the gain in weight in 72 hours was y^4.o per cen 
(or, taking into account some loss bv extraction, 11 i.o per cent), 
and in volume, 140.9 per cent. The gain in volume is con- 
siderablj’’ greater than the gain in weight. 

1 Nobbe : Handbiicb der Samenkunde, 1876, p._ 122. ^ ^ ^ _ 

2 It must be noted that in many dry seeds._for snstanoe ^ 

ledons of some peas and beans, there are cawtMB which mmt ^ 

there can he any marked increase of volume (Nobte: Handhnch der bumtn 

kunde, 1876, p. m). 


■ 
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1204. The greater part of the increase in weight and volume 
from the absorption of water bj dry seeds takes place in a short 
time ; for example : — 


Phaseolus vulgaris. 

Increase in 
weight. 


In 6 hours 

13.99 per cent. 

28. 28 per cent 

“ 9 . 

18.63 “ “ 

13.10 “ “ 

23 . , 

49.42 “ 

62.07 “ “ 

“ 28 . . . . . . . . . 

3.35“ “ 

3.45 “ “ 


After this there was very little gain either in weight or volume. 

1205. Access of free oxygen must be provided to secure 
germination. Even if all other conditions are favorable, germi- 
nation does not take place in pure water devoid of any free 
oxygen, or in an atmosphere of nitrogen. 

1206. The oxygen accessible to the seed must be diluted to 
about the degree found in common atmospheric air, although it 
is not necessary that the dilution should be made with nitrogen, 
as is the case with air. Boehm ^ has shown that a mixture of 
proper proportions of hydrogen and oxygen answers about as 
well as a mixture of nitrogen and oxygen for germination of 
seeds, provided it is furnished to them under ordinary atmos- 
pheric pressure. That the degree of pressure is an important 
factor, is proved by Bert’s ^ experiments. Barley gave the 
following results : — 

; , . ^ . Percentage germinated 


In ordinary air (76 cm. pressure) . . . . . . . . 84 

In air 60 40 

“ “ 25 « i 28 

“ “ 6 ‘‘ ‘‘ ....... 10 


The proportion of oxygen to nitrogen in atmospheric air is 
approximately 1 : 5 (oxygen, 21, nitrogen, 79 parts). 

1207. The temperature requisite for germination to begin 
differs considerably in different species. The lowest tempera- 
ture recorded is the ibllowing, noted by Uloth In a perfectly 
dark ice-cellar seeds of Acer platanoides sprouted on ice, the 
rootlets penetrating to a depth of 5 to 7.5 cm. into the dense 


\ Sitzher. : Wien Akad., kviii., 1873, p. 132. 
2 Gomptes Rendus, Ixxvij 1876, p. 1493. 

® Mora, 1871, p. 185. 
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clear ice ; the seeds themselves being in hollows on its siirfiiee. 
The temperature must of course be given as 0"^ C. IJloth found 
also that wheat-grains germinated in the same eeliar upon pieces 
of ice. Kernel’^ placed seeds with some earth in glass tubes ami 
exposed them to the cold springs on the edge of snow-fiehls in 
Alpine regions. He found that the seeds of most Alpine }»laiits 
could germinate at 2° C., aud that some might even at (fh It 
was shown that at ail growing points there is some heat (‘volvml. 
In ITlotlfs observations, above noted, athuition is calhal to the 
fact that the rootlets descended into solid ice in a number of 
cylindrical cavities whieli they melted out for tiiemselves. 

1208. The minimum temperature for geriniimtion of the seeds 
of many plants in common cultivation is given by Haberlandt^ 
as 4°.75 C. (although some can start even IkIow this). Be- 
tween 4^.75 and lO^.o w'e have the minimum teniperalure for 
Indian corn, timothy grass, sunflower; between lO'ho and 

that for tobacco and squash ; between 15°. 6 and 18°,5, that for 
cucumber and melon. 

1 209 . The maximum temperature, or that beyond whieli germi- 
nation cannot begin, differs greatly in diflerent species. Haber- 
landt has shown that degree of ripeness, freshness, the ‘‘ raee,'^ 
and several other influences considerably modify the result. 
The maximum temperature for a few of the more common plants 
is here noted : — 


Wheat, lye, barley, oats, peas, timothy grass, cabbage, poppy, flax, 

and tobacco 31-37 

Eed clover, lucerne, buckwheat, and sunflower S7.5-44 

Indian corn, millet, squash, cucumber, and sugar mdoii .... 44-60 

In no case was germination observed above 50*^ C. 

1210. Between the minimum temperature below which and 
the maximum temperature above ■which germination of a cer** 
tain kind of plant does not ordinarily take place there lies an 
optimum temperature ; that is, the degree at which germina- 
tion begins most speedily.® The short table on the following 
page is by Sachs : — 


1 Berichte der naturw-med. Yereiiies in Innsbruck, 1873, and Botanisclie 
Zeitung, 1873, p. 4.37. 

2 Versuclis-Stationen, xvii. p. 104. j f 

3 The difFereiice iii regard to the degree of warmth demanded by seem or 
the same species raised in different climates has been examined by Schiil>e!er 
(Die Ciilturi)flanzen hiorwegens, 1862, p. 27). 

■ 30 ■: 
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Minimum. 

Maximum. 

Optimum. 

Barley . . . . . . 

50 

380 

2go 

Wheat . , . . , . 

50 

420 

29 ° 

Scarlet runner . . . 

9.05 

460 

330 

Indian corn .... 

9.05 

46° 

330 

Squash ...... 

IP 

460 

330 


1211. The time required after planting for germination to 
begin, a point indicated bj- the protrusion of the radicle, has 
been determined ^ for a large number of plants. A few exam- 
ples are here mentioned: — 



Indian corn. 

Eed clover. 

Birch. 

At 16° 0 

“ 250 c. .... . 

“ 3P 0. . . . . . 

“ 37Y5 a. . . . 

“ 440 C. . . . . . 

144 hours. 

56 “ 

48 “ ! 

48 

80 “ 

32 hours. 

24 “ 

24 “ 

24 ‘‘ 

120 hours. 

24 “ ' 

24 “ 

24 “ 

72 


1212. The influence of light upon the earliest stages of germi- 
nation has been shown by careful investigations to be inappre- 
ciable so far as most plants are concerned. 

The unqualified statement found in some works^^that light is 
in general prejudicial to germination, is not borne out by facts. 

1218. The phenomena of germination are : (1) forcible absorp- 
tion of water, (2) absorption of oxygen, (8) solution of nutrient 
matters, (4) their transfer to points of consumption, (5) their 
employment in building up new parts. After the initial step 
these processes may go on simultaneously. 

1214. The enormous imbibition power of dry seeds can be 
demonstrated by confining sound seeds in a strong receptacle 
to which water can obtain access. If a closed manometer is 
attached, the pressure they exert can be measured. Boehm ^ 

1 Yersuchs-Stationen, xvii., 1874 p. 104 ; and Storer : Bulletin Bussey 
Inst, 1884. 

2 Hoffmann : Jahresber.^ ilber Agriciiltur-Chem., 1864, p. 110. 

® Ingenbousz ; Senebier, Pbysiologie v4getale, iii. 1800, p. 396 ; Johnston’s 
Eectures on AgricnlttirarCbemistry, 1842, p. 194. 

^ Mliller : Botan. Unters. ii, 1872, p. 29, quoted by Nobbe (Hand- 
bucb der Samenkunde, p. 118). Similar experiments at Wellesley CoUeo-e 

gave results somewbat lower than this. 
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found that peas in swelling could overcome a pressure of IB 
atmospheres, corresponding to a height of the mercurial colamii 
of 13.5 metres. , 

1215. The influence of oxygen upon the absorption of water 
.by the seed is not marked, as will be :seen by the following 
experiment:'^ — 

200 fresh seeds of red clover were placed in pure water for 20 
hours; 200 more were placed in water into which oxygen gas 
was conducted; 200 more in water through which carbonic ncici 
gas was conducted for a while and then the water covered \vh,h 
a layer of oil to exclude the air. The results, so far as swelling 
is concerned, were as follows : — 

Seeds in water . . . . . . . . 83 per eeiit swollen. 

“ “ with oxygen .... 8i) ‘‘ ** 

“ “ carbonic acid . . 71 “ ** 


1216. The oxygen absorbed by seeds in germination was 
thought by Schonbeiii to undergo the active or ozone modifica- 
tion. By his experiments the seeds of two plants, Cynara Seol}’- 
inus and Scorzonera Hispanica, were shown to possess to a con- 
siderable degree the power of converting atniospheric oxygen 
into ozone. 

1217. Oily seeds absorb a large amount of oxygen. Siew^ert 
has pointed out the fact that the neutral oil of the rape-seed very 
soon after access of oxygen and water to it possesses an acid 
reaction. Oleic acid can absorb at ordinary temperatures about 
twenty times its volume of oxygen. 

1218. Nutrient matters must become liquid before they can be 
utilized by the embryo. Some of these in the form in whicdi 
they are stored up in seeds are soluble in water ; such are ilie 
sugars, dextrin, and a part of the albumin. The other luitricnt 
matters, such as starch, tlie oils, and most nitrogenous su!)- 

. stances, must undergo changes before tlieyean enter into solu- 
tion. Some of these changes have already been alluded to in 
Chapter XI., and are here presented in brief review. 

1219. The conversion of starch into soluble matters is effecteHl 
in the seed by means of one or more fements.’* In the pro- 
:,cess of malting,. which consists essentially in forcing ger,iBi.n.atic)n 
up to the point of protrusion of the radicle and then checking it, 
the starch appears to undergo little- change. But if the ground 
malted ■ grains . are, kept in water of a temperature of 6 8 U lor 


1 Nobbe : Handbuch del SaxiM-nkimde, 187B, pp. 10^03. 

2 See Watts’s Dictionaiy of Cbtunistvy, inider “ Eeer. 
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two hours, all the starch will be found to have been converteci 
into and dissolved as soluble carbohydrates, sugar, and dextrin. 
The change in this case is attributed to the ferment, diastase^ 
one part of which, it is claimed, can convert two thousand 
parts of starch into sugar. It will be noted that in the pro- 
cess above described the temperature (68° C.) is much higher 
than that at which ordinary germination proceeds. 

Dubrunfaut ^ has given the name maltin to a ferment far more 
active than diastase, found in all germinating cereals. This is 
able to convert into a soluble state from one hundred thousand 
to two hundred thousand times its weight of starch. It forms 
with tannic acid an insoluble compound which retains its power 
for a long time. In good barley meal there is one per cent of 
maltin. 

1220. The oil in oily seeds is in germination carried through 
a long series of changes. It is first transformed into starch, and 
then follows the same course as starch, already described.*'^ 

1221. Van Tieghem has shown that oleaginous albumen, rich 
in aleuron, has an activity of its own which enables it to digest 
itself, so to speak, and thus become at once fit for the embryo 
to use ; on the other hand starchy albumen and cellulosic albu- 
men must be first acted on b}^ the embryo, and thus become 
dissolved and ready for use.® 

1222. The changes which take place in a germinating seed 
are accompanied by direct or indirect oxidation of a portion of 
the nutrient matters, a release of energy, and an evolution of 
carbonic acid.^ The amount of COg given off by germinating 
seeds and the rise of temperature serve as measures of the 
process of oxidation. 

1228. It is not proved that germination can be hastened by 
chemical means. Experiments with dilute chlorine water seem 
to show that the time can be somewhat lessened, but the results 
are discordant.® 

1224, It has been asserted recently that the presence of mi- 
crobes, the minute organisms to ’which putrefaction is due, is 


1 Coraptes Rendus, Ixvi., x>- 274. 

2 Peters, Versuchs-Stationen, hi., 1861, p. 1 ; Miiixtz, Ann. de Cliimie et 
de Physique, s4r. 4, tome xxii. p. 472. 

3 Ann. des Sc. nat., s4r. 6, tome iv,, 1877, p. 189. 

* For the changes in the horny endosperm of the date palm see Sachs, 
Botanische Zeitung, 1862, p. 241. 

® See M. Carey Lea, American Journal of Science, xxviL, 1864, p. 373| 

and xliii., 1867, p. 197v 
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essential to tlie Tbegimiing of the process of germination. It is 
said that in soil which has been completely sterilized, that is, 
freed from microbes or their germs, seeds provided with all other 
■ requisites for germination will fell to sprout. ■ These esiperiments 
by Diiclaiix ^ have not been repeated by other observers. 

1225. The appearance of abundant crops of certain plants 
'.upon ground recently cleared' by fire, is one of the most note- 
worthy phenomena in connection with germination. At the 
North, two plants have obtained, par eMellence^ the name of 
fire-weeds ; ” namely, ' Brechtites hieracifolia. and the inorc^ 
common willow-herb, or Epilobium angustifolium. . . They are 
later replaced by shrubs, and later still by soft- wooded irei*s, 
which are characteristic of burnt districts. The following sug- 
gestions have been made in regard to their appearauccu (1) that 
the seeds have been long buried in the soil, under eondltloiis 
which have preserved their vitality, but which did not permit 
them to germinate ; (2) that the seeds find their wa} to t ic 
ground of a clearing which affords, in the ash released from 
wood by burning, a soil most fit for germination. But no exae 
observations have yet been made upon the subject. 

I Comptes Eendus, c., 18S5, p. d?. 


M 
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CHAPTEE XVL 


EESISTANOE OF PLANTS TO UNTOWABD INFLUENCES. 

1226. Claude Bernard has shown that life presents itself 
under three forms i (1) latent, dormant, or inactive, illustrated 
by the seed ; (2) variable, or oscillating, exemplified by the plant 
during periods of apparent rest, when its activities are nearly 
suspended, but when, in fact, some chemical chanps are going 
on, though very slight in degree ; (3) active, or free, exhibited 
by a plant in full vigor. 

It has been repeatedly pointed out in previous chapters that 
during their resting periods seeds and other parts can be sub- 
jected to the action of influences which would destroy the life 
of plants in full activhy.^ 

1227. Inquiry as to the kind and amount of injiny caused to 
active plants by hurtful agents must deal with the influence of 
extremes of temperature, too intense light, improper food, poi- 
sons, and mechanical agents. Many of these injurious influences 
and their effects upon special parts of the plant have alread}’’ 
been alluded to in previous chapters ; but it is proper to con- 
sider them now with regard to the whole organism. 

1228. Effects of too Mgh temperature upon the plant* Here, 
as in most other cases, there is wide diversity among plants, 
depending upon their constitutional peculiarities ; thus, plants of 
the tropics not only demand higher temperatures than those of 


1 For some account of various recent views in regard to the nature of life, 
the student is referred to the following works : Herbert Spencer, Principles of 
Biology, 1870; Claude Bernard, Le 9 ons sur les Phenomfenes dela Vie communs 
aux Animanx et aux Vegetaux, 1879; and Nageli’s recent treatises. 

For an interesting account of the reactions of living matter to very dilute 
solutions of certain substances which are poisonous Ivhen used in greater 
strength, see Loew and Bokorny. These investigators use a dilute alkaline 
solution of argentic nitrate in the discrimination between living and dead 
protoplasm ; upon application of the reagent the former turns black, the latter 
remains uncolored. The solution is made by mixing 1 ce. of a one per cent 
solution of the nitrate in distilled water with an equal amount of a solution 
containing 13 parts of potassic hydrate solution, 10 parts of ammonia, and 
77 parts of distilled water (Pfliigefs Archiv. xxv., 1881, p. 160). 
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'Colder .climates for the exercise of their normal functions, , hut ■, 
the}^ will also generally sustain much higher degrees of heat with* 
cut injury. The differences of temperature in favor of tropical 
plants are not, however, always veiy marked. 

The following table ^ indicates sufllciently the highest teinpfU’a- 
tures which a few- common plants can bear. The line at 11u‘ top 
shows what were the immediate surroundings of the plants cx- 
perimented upon'; the ■ columns marked A show the highest 
temperatures short of proving fatal ; those marked B, the low* 

: est fatal temperatures. The plants were exposed to the high 
temperatures ficm fifteen to thirty minutes. 


Xame of Plant. 

. Boots in water, | 
steins in air. ■ . | 

Roots in soil, 
stems in air. 

' Plant in water. 

Zea Mais 

TropsBolum majxxs 
Citrus Aurantium 
Phaseolus vulgaris 

A. 

B. 

A. 

B. 

A. 

B. 

<=G. 
45.5 
45.5 1 
47.8 
45.5 

0 

47. . 
47. ■ 

50.5 
47. 

0 

50.1 

50.5 

50. 

0 

: 52.2 
52. 

51.5 . 

0 

46. 

44.1 
'50.3 ; 

o, 

' 46.8 
'45.8: 
52,5 . 


1229. After a plant has been subjected to too high a tempera- 
ture, its foliage wilts and soon becomes dry; and its leaves, 
bavins once taken on a scorebed appearance, are unabte to 
recover tbeir turgescence. it may happen, however, that the 
iniury does not proceed so fat os to affect the latent or even the 
partially developed buds; if this is the case, P^^ial recove^ 

Ikes place through their unfolding. n 

many algm can resist very high temperatures has been alreadj 

adverted to (see 566). ... » 

1230. Effects of cold upon the plant. Certain plants are scri- 
ously iniured by low temperatures which are considerably above 
r freLing-point of water, but these arc exceptional cases. 
Most northfrn plants can readily endure cold, provided their 

*'Tost>rodtefv"^ effects ui>on different plants. In 

sorSCfemiliar spring plants the leaves 
thawed without apparent mischief, ^ 

must take place slowly ; if it proceeds rapidlj , the pUnt ina; 

' ■ 1 Be Vries; Archives Neeiiaudaises, v., 18.70, 

» cLsult also American Journal of Science and Arts. xliv.. 1867. p. 152. 
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irreparably injured. There are well-known cases in which plants 
may be thawed quickly without serious injury • ^ 

1231 Goppert^ and others have shown that the flowers of 
certain’orchids, turned blue by the formation of indigo in their 
cells when tliey are slightly frozen and suddenly thawed, will 
preserve their "usual colors unchanged if made to thaw very 

*^*1232. As to the length of time during which the vitality of a 
frozen plant persists, we have no exact observations ; but it is 
stated that after the recession of a glacier in Chamouni sev- 
eral plants which had been covered by ice for at least four j’ears 

resumed their growth. . 

1288. It is still an open question whether much of the injuiy 
to certain plants by freezing is not strictly mechanical, resulting 
from the expansion during the formation of ice in the cells. 

1234. << Winterkilling.” The destruction of many plants by 
exposure to the influences of a variable winter is sometimes 
attributed to the injurious effects of drying winds rather than 
to cold alone. It has been shown (748) that the amount of 
water absorbed by roots is governed largely by the temperature 
of the soil. Although the exhalation of moisture from the leaves 
of evergreens in winter is not large, it is, however, sufficient to 
create a certain demand upon the soil for a supply. This de- 
mand, slight as it is, is of course greater during very dry 
weather ; and it is from this that the injuries may be supposed 
largely to result. 

1235. The behavior of certain plants during exposure to low 
temperatures afiTords some of the best illustrations of the adap- 
tation of vegetation to its surroundings ; and the question as 
to increasing the tolerance of a g iven species or variety to the 

1 Sachs has shown that the leaves of cabbage, turnip, and certain beans 
frozen at a temperature of from —5’’ C. to —T C., and placed in water at 0^ C., 
are immediately covered with a crust of ice, upon the slow^ disappearance of 
which they resume their former tnrgescence (Versuchs-Stationen, ii. 1860, p. 
167). If such frozen leaves are placed in water of 7.5” C. they become flaccid 
immediately. 

2 Botanisohe Zeitnng, 1871, p. 399. 

8 According to Kunisch (quoted by Pfefler: Pflanzenphysiologie, ii., p. 
436), this blue discoloration is observed when the flowers, placed in an atmos- 
phere of carbonic acid, are subjected to a freezing temperature ; in this case, of 
course, the indigo is produced from chromogen without free oxygen. 

4 Botanische Zeitnng, 1843, p. 13. 

8 Hoffmann (Grundziige der Pflanzenklimatologie, 1875, p. 325) attributes 
a part of the mechanical injury from freezing to the separation from the cell- 
sap of the air previously contained therein. 
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iintoward influence of cold, by careM selection of seed for a 
series of years, has been successfully answered by cultivators in 

some northern countries of Plnrope.^ 

^ 12B6. Among the protective adaptations of seedlings to cold 
is, that described by DeVries,^ wdio .has noted that in certain 
instances there is a marked retraction of the caulicle into tiie 
ground upon the approach of a lower temperature. The with- 
drawal is due to the contraction of the cellular tissue composing 
the root. 

1237. Effects of too intense light upon the plant. All other 
conditions being natural, living plants containing chlorophyll can 
perform their functions normally when placed in tiio brightest 
sunlight.® Even when the rays of light are moderatedy eciiieen- 
trated upon the foliage by a large convex lens there Is no serh 
ous disturbance of function. But when, as in Pringshehn’.s 
experiments (see 824), the sunlight is rendered ver\’ intense, 
assimilation is arrested and destruction of the protoplasm s«x)n 
ensues. 

1238. Effects of improper food upon ttie plant* It has Iwen 
shown (Chapters VIII . and X.) that certain substances an^ in- 
dispensable to the healthful growth of plants ; and it has furl! ler 
been pointed out that most of these substances may be offered to 
the plant in excess with no marked results. It should now be 
noted that a few of these substances, notably nitrogen com- 
pounds, applied in excess may induce a more luxuriaiii growth 
than is desirable to the cultivator. Penhallow^ and others have 
pointed out that certain maladies of plants are largely dependent 
upon malnutrition. In such maladies fungi arc freqiieiE con- 
comitants, in many cases invading plants already enfeebled l>y 
improper or insufficient food ; in others, obviously causing by 
their presence and activit}" the diseased conditions. 

1239. Effects of poisons npon the plant. Mmous The 

most hurtful of these, considered from a practical point of view, 
come as products of the combustion of inferior sorts of coal, 


1 Scliiibeler (see note on page 465). ^ _ 

For an account of tlie formation of ice in plant®, and the different 'degrees 
of temperature at which it takes place, consult Muller: Landwiithschafth 

Jahrbiicher, ix., 1880. . 

2 Botanische Zeitung, 1879, p. 649. Haberkndt has also examined the 

same mechanism to some extent. , , , , i 

s It is a familiar fact that many plants thrive best in deeply shad^ glens. 
Success in the cultivation of such plants is attained only by regarding theii 

natural condition. . « ••• 

4 Houghton Farm Experiment Department, series 3, no. m. 


untowabd influences. 

«„oni«11v those which contain sulphur compounds as impurities.^ 

Srmeriy in the vicinity of large chemical factories, the escaping 

LS we^e productive of wide-spread N“ry to vegetation ; but 
fmproyed methods of manufacture have diminished this cmI to 

" mo%^SphnroT^cid, formed by_ combustion of sulphur in 
the open air, produces, even when existing in the aii m the pio- 
nirS of onlv one part in 9,000, the following effects upon 
leavS : their blades shrivel from the tips, become grayish yeb 
low and soon dry so that they fall off at a slight touch. ho 
phenomena observed are somewhat like those occurring a^ ^e 
time of the fall of the leaf in autumn. Yet in the^ experiments y 
Turner and Christison mentioned in tke note,- the amount of 

I^s, iiilric add in T.por, and ciloiine are 
also very destructive to plants, even when in such minute 
amounts as to be unnoticed on account of their odor. ^ ^ 

Injurious effects are often produced upon shade tiees by the 

leakage of illuminating gas from street mains. 

1241. Wardian Oases. In 1829 Ward accidentally discovered 
that plants could thrive in tightly closed^ cases, in which there 
could not be any interchange of the air with the outside atmos- 
phere.® This discovery led him to institute experiments rela- 

1 R. Angus Smith : Air and Rain, 1872, pp. 465, 553. 

2 For accounts of experiments in this interesting fieU, the student may 
consult the following works ; Turner and Christison, Edinluirgh Medical and 
Surgical Journal, xxviii. p. 356; and Gladstone in Report of British Association 

for Advancement of Science, 1850. , ■, n iqko 

3 B, Ward : On the Growth of Plants in Closely Glazed Cases, 1852. 

The table on the following page, based on researches by T. W. Harris, shows 

the agents, the effects of which were tried upon chlorophyll, and thn results in 
each case as to the extrusion of chlorophyll pigment (see 7(2). The figures 
in the third column indicate results as follows : — 

1. Chlorophyll grains large and well defined. Sponge-like stracture evi- 
dent. One or two globules of large size on almost every grain ; sometimes 
almost as large as the grain itself, which is colorless or nearly so. 

2. Globules still plentiful but smaller j frequently several on each ^gram. 
Structure of the grains evident. The protoplasm in this and the two following 
grades (3 and 4) is often contracted hy the chemicals used, rendering the resu t 

more or less obscure. . 

3. Globules small, and fewer than in 2. Grains still retain som^e coloring- 
matter in their suhstance, and are not so well defined either in form or 

structure. , . . 

4. Globules few ; only seen on a few grains. Structure of the gram not 
defined, but under a high power it frequently has a granular and sometimes a 
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tive to the systematic cnltivation of plants in such eases in the 
impure air of manufacturing towns. In tiie glass cases, now 

stellate appearance. In the latter case each grain is generally Kurrouinle,*! Uy 
an irregular mass of colored protoplasm, these masses being ofttui conutichHl 
together by threads. This stellate, stx’ucture is also often brought out. aftt.-r 
dissolving out all the coloring-matter by prolonged trcalmexit with heiizuie. 
acid. 

5. No result. 

Agent. Time of Action. IteHult. 

^ ■ < Graim bleached, but fortii 


Alcohol (95 %) 3 day. | 

Steam 1 hour. 

Boiled ill HaO 7 min. 

‘‘ “ then cold in HC 1 . . . . 2 days. 

«« “ “ “ IINO3 . . . 2 “ 

** “ Bi'uzoic Acid , 2 “ 

cone. b 

ILSOi dilute 1 “ 

HNOgConc 1 “ 

HNO 3 dilute 1 

HCl b “ 


HCl + HNO3 (3 parts IICl, 1 part HNO3) 1 

H0SO4 + HCl (equal parts) 2 

H^SO^ + HNOg “ 2 

H2SO4 + HCl + HNO3 ( equal parts) , . 2 

HGoHsOa 7 

HaCA '' 

HsPOt ^ 

H2C4HA (Tai-tario acid) | daylM ^ 

ACrO* I 

Picric Acid ^ 

Citric Acid J 

Boracic Acid ^ 

^ ,, .A sat. sol. in a sol. of 1 1 1 >arts \ ^ 

Benzoic Acid I Na2HP04 to 100 Il.O ) 

Benzoic Acid ^ 


NH4OH 
K^COs « 


(Idorophyll 
^ stellate. 

S}'M?ci!iieii destroyed . 

3 

Ih’otoi d asm con t rac teil, 

1 

2 

j Protoplasm nincli con* 


Salicylic Acid ^ 

Na 2 HP 04 6 

Na(NH4)HP04 ^ 

» 


OmiuB bleached. 


Grains destroyed and pig* 
inent dlifuscd through 
the protoplasm. 


’ Grains swell and become 
I hoiiiogeneons, but no 
^ extrusion or mmiw of 
the pigment. 


f 


m 


r? 
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everywhere known as Wardian cases, the plants are supplied 
with sufficient water, and the atmosphere is Wactieal y satu- 
rated with moisture. When exposed to sunlight, the plants in 
the cases can carry on all the operations of assimilation, growth, 

^'^Comparing the conditions which surround the plants in a 
Wardian case with those which prevail in a furnace-heated ffiouse, 
it is plain that the plants in the case are placed m what is es- 
sentially a humid tropical climate, while those in the house 
are exposed to excessive dryness, and to an atmosphere which 
may contain minute traces of the poisonous gases arising from 

combustiom ^ mcZ Solids. Comparatively few substances 
except those possessing strong acid or alkaline properties are 
injurious to a plant. As indicated in 685, preparatmns ot arsenic 
which are extensively employed for the destruction of msem-s 
upon crops in cultivated fields are not absorbed by plants to an 
appreciable extent. This is further illustrated bj^ the impunity 
with which various other insecticides can be applied to green- 

house plants. / _ 

1243. Numerous experiments, more curious than prontable, 

have been made to test the effect of poisonous alkaloids upon 
vegetation. Many observers have proved that some plants 
yielding poisonous alkaloids may be poisoned by applications 
to their roots of solutions of the very alkaloids which they have 
themselves produced ; thus morphia may poison the poppy 
(see 961). Strasburger^ says that morphia speedily kills motile 

spores. _ . 4 .T 

EUhne’^ has noted that the protoplasmic movement in the 

stamen-hairs of Tradescantia is not wholly arrested, even after 
many hours, by a solution of veratrin ; and Pfeffer ® has observed 
that the cells in sections of certain fleshy roots are not killed 
even when immersed for several days in a saturated solution of 
morphia acetate. 

As Frank ^ suggests, these discrepancies in effects depend on 
the differences in the power possessed by the various parts in the 
absorption of such matters. 

1244. Effects of mechanical injuries upon the plant/ The most 
important of these are caused hy destructive fungi. The destriic- 

3- Wirkiiiig des Lichtes und der Warme aiif Scliwarrasporen, 1878, p. M. 

2 Uiiterstichimgen iiber das Protoplasma, 1864, p. 100. 

8 Pflanzenphysiolope, ii, 1881, p. 454, 

4 Pflanzenkrankheiten, 1879. 



tton primarily affects tlie cell-contentB, aad later tbe eell-wiili 
It is -very Mglily probable that in certain cases varloos prcK 
ducts of decomposition arising from the progress of the fungi may 
themselves prove poisonous to contiguous parts of the plant. 

One of the most important problems of practical horticulture 
and agriculture is the search for efficient means b,y which iin ad- 
ing fungi may be destroyed without at the same time injuring 
the host-plant to which they have attached themselves.^ 

1245, The presence of certain fungi in plants sometimes gives 
rise to abnormal growths and to various distortions. When omse 
their disturbing influence is felt, the subsequent growth may l>o 
affected for a long time, and the malformations become of an 
extraordinary character. 

1246, Considerable distortions are often produced by bites 
or other injuries by insects,^ Galls — for instance those of the 
oak and willow — are among the most noteworthy instances of 
this kind. 

1247. The effects of lightning upon trees have been exarnincci 
by many observers. Cohn^ and Colladon^ have pointed out 
some of the characteristic injuries sustained by species of poi»hir, 
elm, and oak, stating that the stroke does not usually affect the 
summit of the first two, but that oaks are frequently struck at 
their uppermost branches. The course of the injur}’ is oft<m 
spiral, winding around the trunk in stripes which involve part of 
the sap-wood and bark. 

It is not now believed that any species of trees are exempt 
from injurv from lightning, although the ash w’as formerly 
thought to possess a remarkable degree of imruiinit}'. 

1248. Partial or complete blanching of otherwise healthy leai’cs 

exposed to light has been regarded by some observers as aii imli- 
cation of a diseased condition. In some cases the blanching in 
dependent upon a lack of iron in the soil (sec 71)1), but in oih<;rs 
it appears to be strictly hereditary, being propagable both 
bud and by seed. Nothing is known, however, as to its emnm 
in these cases, and they are generally referred to the unsatis- 
factory category of sports. . 

It is worthy of notice that a considerable proiwrtion o! 
so-called variegated plants, especially of those which have 

1 For an account of some experiments in this fiekl, see Frank : 
krankheiten, 1879 ; and Kohbe : Handbuch dor Samenkunde. 

2 For a bibliography of this sabject, see Franks ?f!aii5:cnkinmkhc^^^^^^ 

® Denkschrift. d. Scliles. Ges. f. vaterl. Knit, Breslau, 18A p. 

^ Mem. de la Soc. dc Pbys. ct d* Hist. Kat. do Geneve, 18/--, p- ^01* 
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wMte spots intermingled with the green of the leaf, come from 
eastern Asia, notably from Japan,^ 

1249. ' ■ The lease of life of any given plant is fixed primarily 
by the inherited character:^ hence we have amiiials, biennials, 
and perennials ; but these differences are not in all cases abso- 
lute, in some they are even ill-defined. The lease of life is 
modified secondarily by external influences, which liave been 
sufficiently discussed in the present volume. In coiicliisioii, 
attention should be caded again to the fact (see Chapter V.) 
that in many instances the duration of the life of the plant is 
determined largely by mechanical factors, especially the strength 
of materials. 


1 Morrell : Heredity de la Panaclmre, 1865, p. 7 ; Frank : Pfianzeiikrank- 
heiten, p. 465. 

2 The student should examine Minot on **Life and Growth.*’ 
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The Eumbers following the titles refer to pages. An italkisrM pap-nmnliw 
Indicates that the term which it follows is dedned on the l>age to which it refer*. 


Absolute alcohol (CaHeO), use of, 
as a medium, 5, 9. 

Absorption, chemical, by soils, 243; de- 
pendence of rate of, upon temperature, 
279; of ammonia by leaYes, 332, 341; 
of aqueous vapor % leaves, 283 ; of 
carbonic acid by plants, 299; of gases 
by water, 300 n . ; of liquids through 
roots, 230; of moisture by soils, 239; 
of oxygen during germination, 465; 
of saline matters from soils by roots, 
244; of water by seeds, 463; of water 
during germination, 466; of water 
previous to metastasis, 267; relation 
of transpiration to, 279; through the 
cut end of a stem, 263. 
Absorption-bands, 292, 293. 

Acetic acid (HCaHgOa), as a reagent, 
9, 54; as a mounting-medium with 
glycerin, 21. 

Achromatin (a, without; color), 

375. 

Acid azo-rubin, 19. 

Acid nitrate of mercury (Hg[N08]2), 13. 
Actinic rays of the spectrum. Chem- 

ical Rays- 

Active protein matters of plants, 44. 
Adaptation of plants to dry climates, 
280... 

Adenophore a gland; I 

bear),. 451. . . 

jEsculin (CsjHaiOis), 362. 

^thalium septicum, composition of pm- 
to plasm of, 197 ; locomotion of, 39T ; 
preparation of plasmodium of, for ex- 
amination, 196. 

Agamogenesis (a, without; mar- 
riage; origin), 426. 

Age of trees, 140. 

Aggregation, 340, 343, 421, n. 


Air, composition, of, JlOB; contmlned in a 
plant, 100 ; contained in fresh woods, 
261; removal of, from specimens, % 
Air-passages, 100. 

Air-plants. See Epiphytes. 

Albumen of the seed, 181. 

Albumin, diffusion of, 228; of plants, 863. 
Albuminoids, 325, n.; formation of, in 
the plant, 335; tests for, 28; transfer 
of, 356. 

Alburnum. ^?ee Safi-Wood. 

Alcohol (CgHeO), action of, upon cer- 
tain parasites and saproplijlcs, 294; 
action of, upon chlorophyll, 41, 290; 
use of, as a medium, 5; use of, as a 
preserving and hardening agent, 9; 
use of, in preparation of specimens for 
mounting, 23; use of, in removing air 
from specimens, 9. 

Aldrovanda, 344. 

Aleurone grains («xXeupo*», wheaten Hour}, 
47. ■ See also Protein Gmnulei. 

Algae, absorption by, 280; growth of ' 
certain, at low temperaturei, IISI; .la 
hot springs, 205. 

Alkaloids,- 327, 363 ,* cannot be utilial 
by plants, 385'; effect of, upn plant*, „ 
365, 476. 

Alkanna (alkanet root), 18, »16S. 

Alum (EgA^SOs]* + .^ HiO or 
Alg08[S0g],+24 HP), 10. 

Aluminium, occnrrence of, in plants, 2i6. 
Amides, occurrence of, in grasses, 836. ^ 
Amidoplasts starch; I 

form),' name proposed by Errera for 
leucoplastids. 

- Ammonia'. absorfition of, by 

■ leaves, ;332, 341; absorptba . of,, by - 
■ . ' soils, 243; formation '-'of,. in, putrefic-- 

tion,333. 
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Ammonia-carmin, 16. 

Amceboid movement of protoplasm 
(a/40(.^)^, chani^e; et^os, form), 201. 
Ainylogenic bodies (a/xuAov, starch; yep'- 
1 produce), 43. >See also Leuco- 
plastids. 

Amyloid (afivAov, starch; ei'fio?, fomi),32,a. 
Anaesthetics, eifectof, upon protoplasmic 
movements, 211; etfect of, upon the 
Sensitive plant, 424. 

Anaplast (dvaTrXda-a-oi, I shape), 287, «. 
Androecium (dvnp^ a man; ot/cos, a 
house), 426. 

Angiosperras (dyyeLov, vessel; <nripfjLa, 
a seed), fertilization in, 426. 

Angle formed by the union of a branch 
and the trunk, 193. 

Anilin blue, action of, upon callus, 94. 
Anilin chloride, use ot; as a test for lie- 
nin, 10, 37. . 

Anilin sulphate (2 [GoH 8 NH 2 ]S 04 HA, 
use of, as a test for lignin, 10, 37. 
Animals, occurrence of chlorophyll in, 

288t * 

Annual growth of roots, 114; of steins 
137, 139. 

Annular markings (anmlus, a ring), 30, 

Anther (dvdrjpo^^ bowery), development 
of the, 171. 

Antheridia, 441, n, 

Antherozoids, 440, n., 441, n. 

Anticlinal planes (dm, against; /cAcVav 
[«At;/ft>}, to incline), 382. 

Antipodal cells (dm', against; ttov'?, a 
foot), 434. ’ 

Apheliotropic curvatures (a^ro, from; 

12 ^ 109 , the sun; rpdTro?, a turn), 393. * 
Apical cell in roots of the higher cr5mto- 
gams, 117. 

Apogamy (dird, without; ydpo 9 , max- 
riage), 446. • 


plants, compo- 

sition of, ill plants, 247; of autumn and 
spring leaves compared, 281; office of 
the different constituents in plants, 252 
As^paragin (CWsHA+HgO), 10, ml 

Asphalt-cement, 20, 24. 

Assimilating system of the plant, 285 
Assimilation, 185, 284; a process of re- 
duction, 285, 320; chloropliUl acts as 
a screen in, 323; conditions for, 285* 
contrasted with respiration, 356; course 

of transfer of the products of, 35B; 
Draper’s experiments upon, 310; earlv 
history of, 323; effect of artilicial light 
upoiv 316 ; formic aldehyde hypothe- 
sis, 322; free oxygen not miessaiy 
lor, 318; inlluenee of colored light 
'Upon, 310; measure of aetivitv oh'bv 
the bacterial metliod, SIS: measure^ 
ment of the amount of, 312 ,. portion 
of the spectrum causing mnximiim 
activity m, 314 ; practical stuclv of, 
■M5; products of, 320; products of 
neemary for growth, 384; raw ma’ 
terials required for, 2il!l; relations of 
carbonic acid to, 318; relations of tem- 
perature to, 316; storing of products 
OX, in perenmals, 373, 

Auric chloride (AuClj), 10. 

Auto!!l®‘!.“/'’“‘""‘’‘"’'''™'’'’™ents, 413. 

Autumn wood, 138, 395. 

Atittmnal changes in color in leaves, 

AiKanometers increase ;ii«Vpor, 

measure), 383. 
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Bark, 147, 149, 

^^|i%al^growth [bask, base; fngo^ I 

Basipetal growtli {bnds, base; peto. I 
move toward), 150. 

Bassorin (CfiHjoOs), .358. 

Bast-fibres, 87 ; clinging tog-ether of, in 
inner bark, 147 ; in cribose portions of 
fibro-vascular bundles, 104; ff>vming 
sheaths of collateral bundles, 123; re- 
actions of, 00; separation of, from the 
stem, 147; size of, 90; solubilitv of, 
33, ; strength of, 18U. 

Beale’s carmin, 17. 

Benzol (C^Hg), a solvent for fats, 10; 
use of, in preparation of specimens 
for mounting, 23 ; use of, in section- 
cutting, 3; use of, in treatment of the 
chlorophyll pigment, 2SJ1. 

Benzol-balsam, 23. 

Bibulous paper, use of, 5. 

Bicollateral bundles, 104; in stems, 
123. 

Bifacial arrangement of leaf-parenchy- 
ma, 158, 

Biforiiies (biforls, having two doors), 
53, n. 

Blanching of leaves, 254, 297, 477. 

Blastocolla xoAXa, glue), 

the 'balsam produced on buds by glan- 
dular hairs. 

Bleaching processes, 11. 

Bleeding of plants, 2fi4. 

Bloom, fi7, 204. 

Bordered pits, 30, 82. 

Boron, occurrence of, in plants, 256. 

Branches, nidimentarv and transformed, 
153. 

Branching of roots, 116, 232. 

Bristles, 69. 

Bromine, occurrence of, in plants, 256. 

Brownian movement, 429. 

Budding, 152, 444. 

Buds on leaves, 162. 

Bud-variations, 444. 

Bimdle-sheatb, 104. 

Burnettizing, 142. 

Byblis, 345. 


Cjssium, occurrence of, in plants, 256. 

Caffeine 327. 

Calcareous soils, 239. 

Calcic chloride (CaCIg), use of, fs a 
clearing agent, 10 ; use of, as a mount- 
ing medium, 21 ; use of, in the meas- 
urement of transpiration, 274. 


Calcic hypochlorite (CaCIsOg), use of, as 
a bleaching agent, 11. 

Calcium, occurrence of compounds of, In 
plants, 39, 54, 247, 337; ofiice of, and 
its corn^jounds in tlic plant, 253. 

Callus, as a means of healing plant 
wounds, 150 ; in sieve^eils, 93. 

Calyptrogeii (xaAijrrrfta, a cover; yeww, 

I produce), 107, n. 

Oanibiform cells, 122, 

Cambium, 1,04, .123, 136; aE- 

division in, 377. 

Caiul)iuiM-;ring, 137. 

t 'amlftum tibres, 81, n, 

CaiiK'ra lucida, 4. 

Cani]dn»rs, 3r»3. 

Canada balsam, 22. 

Cane-sugar {<V.ll«Ci})) amount of, in 
})lants, 359 ; diffusion of, 223; test 
for, 52. 

Capillary water, 242, 

Caramel, diffusio?] of, 222, 223. 

Carbohydrates, .51, 357,- transfer <»f. 356. 

Carbolic acid ((yIL.-OH), u<e id, a-- a 
clearing agent, 167; use of, m a test 
for lignin, 11, 37. 

Carbon, a})pro]>riation of, bv plants, 
285 . 

Carbon disulphide (CS^,), 11. 

Carbonates, test for, 9, 54. 

Carbonic acid (used in tiiis work as a 
term for carbon dioxide, CO 2 ), {absorp- 
tion of, by plants, 2n9, 305; aniount 
of, decomposed in as.sii]nilatiori, 319; 
amount of, decomposed by plants ims- 
portional to tlie distribiiti<»n of effective 
calorie, energy in light, 314; {unount 
of, in natural waters, 300; amount of, 
in rain-wniter, 299, 300, w,; amount of, 
most favorable to assimilation, 319; 
effect of a large }»up}dy of, iifion vege- 
tation, 304, 3X8; Toots do not lake; up^ 
300. 

Cannin, 16; with picric acid, 17* 

Carnivorous plants, 338. 

Carp<sgonium, 440, n. 

Carpopbytes, reproduction in, 440, m. 

Casein of platits, 363. 

Castor-oil, use of, as a medium, 5. 

Caulicle {muliculus, a small stem), 403 f 
movements of the, 403; sensitiveness 
of the, 415; structure of the, 106, 118. 

I Caustic soda. Bte Sodie Hydrate. 

Cell, 25; an osmotic - apfiaratas,' 2^) ; 
origin of name. 25. 

, 'Cell-division, .374:' ■'directions .of,; 380 1 . 
in plant-hairs, 380; in the camblmu 



GLOSSAEIAL INDEX. 


of Pin us, 377 ; in the development of 
pollen-grains, 379; in the formation 
of stomata, 376 ; method of demonstra- 
tion of, 380. 

Cell-plate, 376. 

Cell-sap, carbohydrates in the, 51 ; color 
of the, in dowers, 170; color of the, 
masks that of chlorophyll, 294. 

Cells, animal, analogous to vegetable, 
220 ; classification of, 66 , 59 ; develop- 
ment of, 58; method of determining 
the density of the contents of, 390; 
morphological changes in, during 
growth, 373; turgidity of newly 
formed, 389. 

Cellular system, 57, 60 , 102 . 

Cellulose (CaHioOs), composition of, 31; 
formation of, in cell-division, 376; oc- 
currence of, with crystals, 54; rela- 
tions of, to moisture, 219; solubility of 
the modifications of, 33, ra., 35, w.; spe- 
cific gravity of, 145 ; stability of, 364, 
357; tests for, 8, 11, 15, 31. See also 
Cell-wall. 

Cell-wall, capacity of the, for transfer 
of water, 258 ; direction in which the, 
is laid down, 380; formation of, 29,’ 
218; growth of, 218, 355; markings 
of the, 29; modifications of the, 34; 
plates of the, in cork-cells, 38; rela- 
tions of the, to protoplasm, 218; rela- 
tive amount of space occupied bv the, 
in fresh wood, 261; structure of, 29, 
257 ; tensions in the, 390. * 

Central cylinder, changes in the, 113- 
structure of the, 110 . ’ 

Centric arrangement of leaf-parenchyma 
168. * 
Cerasin, 358. 

Chemical absorption by soils, 243, 

Chemical rays of the spectrum, 308; least 
efficient in assimilation, 310, 311, 313 
Cherry-wood, use of, in ‘testing for li^l 
nin, 14. ® 


I Chlorophyll granules, 26, 41,. 286; action 
of alcohol upon, 41 ; action of darkness 
upon, 42; action of hydrochloric 
acid upon, 290, 475, action of 
steam upon, 290, 475, w.; action of 
various agents upon, 474, ; break- 

ing up of, at autumn, 298 ; foniiation 
of, 287; in epidermal cells, 67; in 
evergreen leaves, 298; occurrence of, 
288; position of the, during the day 
and at night, 398 ; Pringsheim’s study 
of, 13, 289; stroma of, 290; structure 
of, 289. 

Chlorophyll pigment, 41, 286; absence 
of, in certain plants, 294; changes in 
the, at autumn, 297; color of a solu- 
tion of the, not permanent, 296 ; ex- 
traction of the, 200; fluorescence of 
the, 294; in Floridem, 295; spectrum 
of the, 292, 313. 

Clilorophyllan, 291, w., 292, n. 

Chloroplastids (x^topos, green; jrAda-a-w, 

I form), 41. See also Chlorophyll 
Granules, 

Chlorosis, 297. 

Chromatin (xP‘i>^a, color), 575 , 378. 

Chromatophores (^pw^a [gen. 
color; <f>opm, I bear), 41, 287, w. 

Chromic acid (CrOa), action of, upon 
the cell-wall, 11, 39. 

Chrornoleiicites. See Chromoplastids. 

Ghromoplastids color; irAa<r<r(.», 
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Closed bundles, 104, 128. 

Coal-tar colors, 18, 39. 

Cobalt, occurrence of, in plants, 256. 

Cochineal, 18. 

Cold, effects of, upon plants, 471. 

Coleorhiza (^coAeds, sheath; pl'fa, root) 
107, 

Collateral bundles, structures of, 104. 

121 . ' ’ 

Colleuchyina (koKKo., g^lue ; an 

infusion), 64; in roots, 110; strength 
of, 191. 

Colloids (Ko'AAa, glue; eI8o?, like), 222, 
223, n. 

‘‘Colored’^ plants, 294, 

Colors, as nectar guides, 453 ; of flowers, 
170, 453; of fruits, 177; of plants de- 
veloped in darkness, 288 ; of seeds, 
178 ; of woods, 141. 

Community in plants, 425. 

Compass plant, arrangement of paren- 
chyma in leaf of the, 160, 

Complete oxidation, 355. 

Compound hairs, 68. 

Compound microscope, 1. 

Compound pistils, 173. 

Concentric bundles, structure of, 104, 
123. 

Concentric rings in roots of annuals, 115. 

Conductive tissue of the ovary, 432 ; of 
the style, 431. 

Conglutin, 363. 

Coniferin (CiMA -f SHjO), 362. 

Consanguinity, fertilization in different 
degrees of, 446. 

Continuity of protoplasm in cells, 214. 

Copper, occurrence of, in plants, 256. 

Copper salts, use of, in making precipi- 
tation-membranes, 225. 

Gorallin (G20H16O3), 15. 

Cork, as a means of healing plant- 
wounds, 150; character of cell-walls 
of, 75; color of cells of, 76; fonnation 
of cells of, 75; origin and formation 
of, 74, 148 ; reaction of, with iodine, 

^ 34, ». 

Cork cambium. 5ec Phellogen. 

Cork-cortex cells, 148, n. 

Cork meristem. See Phellogen. 

Corpuscles {corpusculum^ a little body), 
438. . 

Corrosion by roots, 246. 

Corrosive sublimate, Mercuric Chlo- 
■ ride. . 

Cortex (cortex, the bark), in parasitic 
roots, 116 ; in roots, 110, 113; in 
stems, 119. 


Cortical sheath, a term applied by Hii- 
geli to the whole of the primanr bttfc. 
bundles. 

Cotton, 179. 

Gotton-blue B,’* 19. 

Cover-glasses, 4, 6. 

Creosoting, J42. 

Cribriform tissue (cribrum^ sieve; forma 
form), 91. * 

Cribrose-cells. Sie Sieve-cells. 
Cross-breed, 455. 

Cross-fertilization, 447; reaiiltB of, 

■ trusted with those of close-tertiliMtlcm 
448. , * 

Crown of the root, 153. 

' Cryptogams, reproduction in,' 4», ■ n,* 
roots of, 116; stems of, 164. 
Crystai-celis, 97.' 

Crystalloids (Kpmrahko^, a crystal; 41©^, 
form), 45, 47, 183. 

Crystalloids in diffusion, 222, 

Crystals, composition of plant, 54 ; for, 
ination of, by Vesquels method, 55* 
forms of plant, 52; in bast, 89, I47! 
occurrence of, in plants, 52, 54, * 

Cultivated plants, supply of nitrogen to 
334. " ’ 

Cuprammonia (Cu2[NHJO,), 11, 

Cupric acetate (Cu[C2H302]8), me of, in 
examination of resins, 12. 

Cupric sulphate (CUSO4), 12. 

Curvature of concussion, 

Cuticle (cuticuk, the skin), 65; solubil- 
ity of, 34, ». 

Cuticularizatioii. Sm Cutinlzatloa. 
Cuticularized layers, 66. 

Cutin (cutu, skin), 38. 

Cutinization, 34, 38. 

Cutose, 35, n. 

Cyanic flower colors dark Wifi), 

454. 

Cystoliths bladder; 

stone), 40. 


Damab, 23, 380. 

Darkness, color of plants developed In, 
288 ; effect of, upon opening and clos- 
ing of stomata, 270; effect of, upoa 
protoplasmic movementi, 206. 
Darlingtonia, 349. 

Defoliation, 163. 

Degradation 'changes in thecell-waH, 46 
Degradation products, 40, 362. 

Density of wood, 144. 

Depth to.' which roots branch, 281. ■ 
Derivative hybrids, 458. 


Si 




Dermatogen (6ep/xa [gen. 5epj«,«Tos], skin ; 
y€wato), I produce), i<55, 118, 155. 

Desmids, movements of, 398. 

Desmodium gyrans, 413, 

Dextrin ( CeHioOs), 51, 358. 

Dextrose, 8ee Grape-supr. 

Diageotropic organs through j y‘ 5> 
the earth; Tpowos, a turn), 392. 

Diaphragms, for controlling the illumi- 
nation of microscopic objects, 2; of air- 
passages, 100. 

Diastase (Sid<rTacrt?, separation), 468. 

Diatoms, movements of, 398. 

Dicotyledons (5t$, twice; KOTvATjSwr, a 
cup-shaped hollow), distribution of 
mechanical elements in, 193; secon- 
dary structure of stems of, 136; stems 
of, 129. 

Diffusion, laws of, 222; of liquids, 221; 
of gases, 301. 

Diontea muscipula, 342; related to Dro- 
sera, 351. 

Dipsacus, 350. 

Discoid markings (5tV/co?, a round plate; 
eiSos, form), 30, S2. 

Diseases of plants, 470. 

Dissecting instruments, 2. 

Distances to which roots extend, 235. 

Division of labor in the plant, 185. 

Double-staining, 19. 

Drainage of soils, amount of solid mat- 
ter dissolved in water from, 244; rela- 
tions of rain-fall to, 242. 

Drawing of preparations, 4. 

Drawn shoots, 388. 

Drosera rotundifolia, 339; related to 
Diona?a, 351. 

Drosophyllum, 345. 

Dry mounts, 20. 

Ducts. See Vessels. ■ 

Duramen {durare, to harden). See 
Heart wood. 

Dwelling-houses, plants in, 368. 


Eaeth-wokms, influence of, upon the 
character of the soil, 239. 

Egg-apparatus, 435. 

Electricity, effect of, in forming nitrogen 
compounds in the atmosphere, 332; 
relations of protoplasm to, 207. 

Electric light, effect of, upon assimila- 
tion, 316. 

Embryo, life of the, 459. 

Embryo-sac, 434. , 

Enchylema I pour in), 198. 


Endodermis, within; Sepit*a, the 

skin), m, 104, 110, 120. 

Endogenous stems within ; yewdou, 

I produce), 129. 

Endopleura within; wAevpd, the 

side), 178. 

Endosmose within; »o-pd?, a 

thrusting), 229. 

Endosperm (eVSoi^, within; o-TrepMa, seed), 
437. 

Energy, 3^?7, 322;' supply of, for work, 
354. 

Eosin {CaoHgBi-iOs), 19. 

Epiblema a cloak), 230. 

Epicotyi (tVt, upon; kotuAt?, a cup), 403. 

Epidermal spines, 69. 

Epidermal system, 102, 

Epidermis (eVt, upon; Seppa, the skin), 
58, 64 ; cells of, 65 ; diffusion of gases 
through, 302; miiltiple, 67; of the 
flower, 170; of the leaf, 161; of the 
ovary, 172; of the stem, 119; waxy 
coatings upon the, 06. 

Epinastic curvature (en'i, upon; raorro*?, 
pressed close), 408. 

Epiphytes upon; <^wdi/, a plant), 
352.‘ 

Episperm upon; o-jrep/xa, seed), 178, 

Epistrophe (imarrpotlnj), a turning about, 

399. 

Epithelium of air-spaces (eiri, upon; 
nipple), 101. 

Equilibrium of water in the cell, 258. 

Equisetum (cgtftt.'?, a horse; to [s'c/u], 
hair), epidermis of, 154; stem of, 154. 

Erythrophyll («>v0pds, rod; <|»wAAoi', leaf), 
291, n.; 297. 

Ether (€ 4 H,oO), effect of, upon proto- 
plasmic movements, 211; a solvent 
for fats, 12. 

Ether (of space), 306. 

Ethereal oils, 362. 

Etiolation, 288, 291, 295, 388. 

Etiolin, 291 ; spectrum of, 296. 

Evaporation, compared with transpira- 
tion, 275 ; from an animal membrane, 
275; from soils, 241; from the . surface 
of a plant, 257; relation of growth 
to, 271, relation of rain-fall to, 
242. 

Evergreen leaves, 164; changes, of chlo- 
rophyll granules in, at autuniii, 298. 

Exine. See Extine. 

Exogenous stems (ii<a, outside; yepm^. 
I produce), 129. 

Exosmose (eioi, outside ; wcrjuids, a thrust- 
ing), 229. 
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Extine (exter^ on the outside), 128. 
Exudation of water from iminjured parts 
of plants, 267. 

Eye-pieces, 2. 


Fall, of the leaf, 162, 217. 

Fascicles of mosses {fasdmluSj a small E 
bundle), 155. j ^ 

Fascicular system, 102. E 

Fats, occurrence of, in plants, 360; sol- E 
vents for, 10, 11, 12. 

Fermentation, 333, n., 369, n., 372. 

Ferments, 326, 365, 467 . . . ^ 

Ferns, epidermis of, 154; reproduction in, 

442, 446 ; stems of, 154. 1 

Ferric acetate (Ee[C 2 H 302 ]o) tised as a j 1 
test for tannin, 12. | | 

Ferric chloride (Fe^Glo) used as a test | 1 
for tannin, 12. ^ | ^ 

Ferric sulphate (Fe 2 [S 04 ]s) used as a ; 

test for tannin, 12. ^ : 

Fertilization, close, 447 ; cross, 44/ ; | 
grades of partial, 456; in augiospeims, j 
435; in different degrees of consan- 
guinitv, 446; ill gymnosperms, 437; 
in hybrids, 456; results of different 
methods of, contrasted, 448. 

Fibres {Jihra, a tibre), 57, 79; bast, 87; 
cambium, 81; liber, 87; libriform, oO; 
septate, 80; substitute, 80; woody, 

80. 

Fibro-vascular bundles a hbie; 

imsaihm^ a small vessel), 103; bicol- 
lateral, 104; closed, 104, 128; col- 
lateral, 104, 121; concentric 104; 
parts of, 104, 111; course of, lOo, 125; 
distribution of, in dicotyledons, 130; 
distribution of, in palms, 127 130, 
131, n. ; formation of, 136, 137 ; ui the 
dower, 170; in the leai; 156; in the 
ovary, 172; in the stem, 120; number 
of, in the central cylinder, 111; open, i 
104; radial, 104; relation of the num- 
ber of, ill the leaves to the number of, 
in the stem, 125. 

Fibro-vascular system, 57, 103. 

Filtering-paper, use of, ^ 

Filtration through soils, 243. 

Fire-weeds, 469. 

Fixed air, 304- 
Floral clock, 412. 

Floridea, coloring-matters of, 295. 

Flowers, colors of, 170, 453; develop- 
ment of, 166 ; odors of, 454; regarded 
as rnoditied branches, 166 ; times of 
opening and closing of, 412. 


Fluorescence of the chlorophyll pigiuent, 

294. 

Fluorine, occurrence of, in plants, 256. 
Foliar trace {Joliunij a leaf), 125. 

Food, effects of improper, upon plants, 
473; materials for, in seeds, 182, 437, 

467 ; methods of utilization of, 354. 
Foramen of the ovule, 175, 

Force exerted during growth, 395. 

Forcing, 444. r 

Forests, effect of, upon the amount ot 
water in. the soil, 283; effect of, upon 
rain-fall, 282 ; humidity of, 281. 

Formic aldehyde (CHoO) hypothesis m 
assimilatiou, 322. 

Forms of life of the plant, 470. 

Fovilla (/oueo, I cherish), 429. 

I Franchiinoiit’s test for resins, 12. 

I Fraunhofer’s lines, 293. 
i Free nitrogen not available to plants, 

I 327. ^ ■ 

i Free veins in leaves, 157. 

I Fremy’s process for extraction of the 
I chlorophyll pigment, 290. 

i Frev’s glycerin-carrain, 17.^ 

Fronds of the palm-stem {f rons, a leafy 
branch), 131. 

Frost, effect of, upon plants, 471 ; not 
necessary to the production of the aii- 
tmniial changes of color in leaves, 

298. ... urn. 

Fruits, changes in the npemiig of, 460 , 
classitication of explosive, 400 ; color- 
ing-matters of, 177; fastening of, m 
the soil by hygroscopic movements, 
399; hard parts of, 176; 

; due to changes in ripening ot, 400; 

; nature of, 176. 

, Fruit-sugar, 359. 
i Fundamental cells, 55, 60. 

5 Fundamental system. /See Cellular Sys- 

r tern. , 

Fungi, injuries to plants by, 474, 476, 
I solutions for cultivation of, 251, n. 
c, Funiculus {Jmiiculus, a slender cord), 
175. 


Gallic acid (C^BeOs), 861. 
Gamogenesis marriage; 

formation), 426. ono • 

Gases, absorption of, by 

condensation of, by soils, A4, diftu- 
1 sion of, 301; effect of noxious, upon 
plants, 473; effect of 
growth, 384 : in ram-water, 300, n, 
^ssage o{, through cpidernuB free 
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from stomato, 302; passage of, through 
stomata, 303; proportions of various, 
in the air, 303 ; relations of protoplasm 
to various, 210. 

Gelatin, of plants, 364; tannate of, 226. 

Gelatination, 34. 

Genera, 447. 

Genlisea, 346. 

Gentian-violet, 380. 

Geotropic organs (yl?, the earth; rpoiros, 
a turn ), 392. 

Geotropism, 392. 

Gerlach’s ammonia-carmin, 16. 

Germination, changes during, 468; con- 
ditions of, 462; not hastened by chem- 
ical means, 468; of oily seeds, 368, 
468; phenomena of, 466; relations of, 
to light, 466; relations of, to tempera- 
ture, 464; stages in, 462, fi.; time re- 
quired for, at various temperatures, 
466; when complete, 462. 

Girdling of stems, 258. 

Glaciers, aid of, in the formation and 
distribution of soils, 238. 

Glands, nectar, 451 ; of the Drosera leaf, 
339; of leaves, 161. 

Glandular hairs, 68. 

Gliadin, 364. 

Globoids ((jlolmSj a round body) 47 

Glucose (CeHiaOe), 52, 359; held to be 
thciirst product of assimilation, 322, 

Glucoside, 292 ^ w., 362. 

Gluten-casein, 363, 

Gluten-fibrin, 364. 

Glycerides. See Fats. 

Glycerin, effect of, upon protoplasm in 
cells, 199; use of, as a medium in mi- 
croscope work, 6; use of, as a pre- 
servative medium, 21 ; use of, as a re- 
agent, 12. 

Glycerin ethers, 360. 

Glycerin-jelly, 22. 

Gold orange, 19, 

Gold-size, 24. 

Graft-hybrids, 445, 

Grafting, 152, 444. 

Grains of the cereals, 181. 

Granulose {granulum, a small grain), 
50. . 

Grape-sugar, 359. Bm also Glucose. 

Gravelly soil, 238. 

Great curve of growth, 389. 

Green, brilliant, 19; emerald, 19; methyl, 
19. 

Green chlorophyll, 322. 

Grenacher’s alum-carmin, 17. 

Growing-point, 106, 


Growth, 355,373; assumption of dediiite 
form during, 394; basifugal, 156; 
basipetal, 156; changes which aceom. 
pany, 373; conditions of, 384; direcv 
tioii of,' 392; effects 'of atmospheric, 
pressure upon, 389; .effects of gases 
upon, 384; effects of light upon, 387, 
392 ; effects of temperature upon, 385 ; 
external pressure retards, 395; force, 
exerted during, 395; great curve of, 
389; instances of rapid, 384; in what 
it consists, 373 ; measurement of, 383 ; 
not always associated with increase o.f 
weight, 373; observation of, 374;. of 
the cell-wall, 218, 382; of the' leaf, 
155; periodical changes in rate of, 
389;: planes of walls at point of, 381; 
relations of oxygen to, 388. 

Guardian cells, 70; development of, 376; 
mechanism of, 269. 

Gum-resins, 98. 

Gums, 51, 358 diffusion of, 222, n, 

Gvmnosperms iyv}xp6^, naked; o*ircp/ia, 
‘seed), 426, 437. 

Gyntecium (yvi% a woman; ol«og, a 
house), 426, 


H.i:matoxylin (Csfllli^Oe+SH^O),' 18, 
46, 211, 380. 

Hairs, 68 ; cell-division in, 380 ; com- 
pound, 68; occurrence of, in air~|:)as- 
sages, HK); of S(?ed-coat. 170; sim'[>le,- 
68; used in study of protopluMii, 198. 

Hales, device of, for noting tiiegrowi It of 
a leaf, 156; experiments of, upon trans- 
piration, 271; observations of. upon 
the transfer of water through the 
stem, 258. 

Hartig’scarmin, 16. 

Healing of plant-wounds, 150. 

Heart-wood (Duramen), 141. 

Heat, absorption of, by soils, 245; effect 
of, upon the direction of growth, 394; 
effect of, upon opening and closing of 
stomata, 270; effect of, upon transpi- 
ration, 277; effect. of, upon vitality of- 
seeds, 205; evolution of, during res- 
piration, 370; relations of, to germina- 
tion, 464; relations of, to protoplasm, 

■ 201. Bee also Temperature. 

Heat-rays of the spectrum, 308 . ■ 

Heliotropic curvatures the siiH' 

TfwjTo?, a turn), 393. 

Heliotropism, 392. 

Hepatics, absorbing organs in, 117 # ^ 

Heterogeneous pith, 124. 
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Hilum {hilViWb'j little tMng), 48. 

Hohners tests for lignin, 10, 14. 
Homogeneous pith, 124. 

Honey of flower, 451, ^ 

Hot springs, occurrence of plants m, zuo. 
Hoyer’s mounting-media, 23. 

Humus, 337, w. 

■ Humus-plants, 337. 

Humus soils, 239. 

Hvbridization, 447, 455; reciprocal, 455. 
Hybrids, 455; derivative, 458; produc- 
tion of artificial, 4:,3; strength of, 458; 
tendency of, to vary, 458. 

Hydrochloric acid (HCl), 12; diffusion 
of 223; used in the examination ot 
chlorophyll granules, 12, 290; used , 
in the examination of plant-crystals, 
54. 

Hydrostatic water, 242. 

Hydrotropism (uSwp, water; rpowos, a 
turn), 393. ^ 

Hygroscopicity (vypos, wet; aKorr^w, a 
look at), 239. 

Hvgroscopic movements, 399. 
Hygroscopic water, 242. ^ 

Hvpochlorin (woxXcopos, greenish yel- 
low), 290, 322. 

Hypocotyl (utrd, under; kot^Xt], a cup;. 
“iSfee Caulicle. 

Hypoderma under; aepp,a,the sxm;, 

119. 

Hy ponastic curvature under , vao-ros, 
close-pressed), 408. 

Hysterogenic intercellular spaces 
pos, after; I produce), 99, . 


Internodes, characteristics of growing, 

390; movement in twining plants of 
young, 406. 

Interstices, 100. 

Intextine, 428, n. 

Intine {intm, within), 428. 

Intramolecular respiration, 370. 
Intussusception theory regaining mode 
of growth of the cell-wall {mtus w ilh- 
in; susceptio, a taking up), 219. 

Inulin (CcH^Ofi), composition of, ol ; 
currence of, in plants, 358; tcbls. foi, 
12, 50. 

Inverted sugar, 359. 

Iodine, action of ligM on 

9; action of, upon callus, J3, otau 

rence of, in plants, 256; solubility of, 
S; as a test for cellulose, 8; as a test 

Iplm^Yxiieriments upon fertiliaation 

Iron, tecessary for development of chlo- 
rophyll granules, 254, 297; occurrence 
off in afh of plants, 247; occurrence 
of, in plants, 254. i c ' 

Inodiametric cells (Ivor, eqml; S.a, 

through ; fA^rpov, measure), bu. 


IBIOBLASTS (I8ior, peculiar; pXoo-Tor, 

offshoot), 59, 

Inclination of the wood elements to the 

axes of trees, 143. 

lfdolfci!HnN o), use of, as atest for lig- 

InfSor* ovaries, arrangement of fibre- 

vascular bundles in, 174. 

IntMtivoruffii piano, 3ESi list of wks 

relating to, 351. 

Integuments of the seed, » of 

I itercelUilar spaces, 60,99; modes of 
^ development of,__99; occurrence of 

protoplasm in, 21< . 

Intermediate zone, 134. 
internal glands, 100. 


Kakyokixesis (icdpvov, kernel; 

change), a term used to designate the 
series of changes which the nucleus 
goes through in cell-division. 

Kinetic energy I move), 30 . 

S.V.V™ 

chlorophyll pigment, 291. 

leaf), 291. , 

Labcrnum, continuity of protoplasm m 

foils of cortex of, 215. 

Uctuca Scariola, structure of leaves of, 

iJifun® (lacuna, a cavity), 100. 

Latex, 96. 

Latex-cells, 94. 

Latex-tubes. 

Laurel-camphor (CioHisO), 36 

Layering, ^4. ^ 956 

Lead, occurrence of, ni plants, 2 

Leaf-trace, 131, n. . 

Leaves, absorption uf ammonia • 

111 ; absorpU of aqueous vapor by, 
283; adaptations of, to climate, 28 , 
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alterations in the color of, when ex- 
posed to bright light; 296; ash-con- 
stitueiits of autumn and spring, com- 
pared, 281; autumnal colors of, 297; 
buds on, 162 ; chlorophyll in evergreen, 
298; development of, 155; epidermis 
of, 161; exogenous structures, 155; 
fall of, 162; iibro-yascular bundles 
in, 156; glands of, 161; growth of, 
156 : midrib of, 157; of mosses, 164; 
of submerged pluenogams, 161; pa- 
renchyma of, 158; quality of ligln 
which penetrates, 309 ; relation of age 
of, to transpiration, 279; roots pro- 
duced from, 162; sensitiveness of, 419; 
transpiration from opposite sides of, 
274. ■■ . 

Leguniin, 363; compared with asparagin, 
365. 

Leiiticels {lenticula, a freckle), 151. 
Leucites. See Leucoplastids. 
Leiicoplastids (At-vfco?, white; TrK&crcna, 

I form), 41, 43, 287 ; detection of, 44. 
Lianes, 138. 

Liber-fibres. See Bast-fibres. 

Libriform fibres, 80, 143. 

Liclieiiin (CoHioOs), 358. 

Life of the plant, f^nns of the, 470. 

Light, amplitude of waves of, 306; classi- 
fication of rays of, 308; depth to 
which green tissues are penetrated 
by, 309; effect of absence of, upon 
plants, 388; effect of, upon the move- 
ments of twining-plants, 407; effect 
of, upon opening and closing of sto- 
mata, 270; effect of, upon protoplas- 
mic movements, 206; effect of, upon 
transpiration, 277 ; effect of too in- 
tense, upon plants, 473; influence of, 
upon germination, 466; influence of, 
upon respiration, 369; influenee of, 
upon the structure of leaves, 160; 
mtensity of, e306; length of waves of, 

306, n,; nature of, 306; quality of 
the, penetrating leaves, 309; relations 
of growth to, 387, 392; relations of the 
various kinds of, to assimilation, 305, 

307, 309, 310, 312, 316; use of, in 
microscope work, 2. 

Lightning, effect of, upon trees, 477. 
Lignification (lignum, wood; facio, I 
make), 34, 36, 62. 

Lignin, composition of, 36; solubility of, 
36, w., 37; tests for, 10, 11, 13,“ 14, 

''37.'.':" . , ' ■ ■ 

Lignirdose, 37, 

Lignone, 36, ». 


; Lignose, 36, 

i Ligules (lifjuia, a little tongne), arrange. 

i ment of fibro-vascular bundles in* 

! 158. 

i Lithium used in the derermiiiallon of the 

■ rate of transfer of water liirtuigh thd 
plant, 260. 

' Lithocysts {ki6o^, a stone; wvotw, blad- 
der)! #SciM’rystal-i*ells. 

i Living parts of a plum, 195. 

i Locomotion, 397. 

I Luminous rays of tiic spectrum, 308. 

i Lycopodlacew, stems of, 154. 

Lysigenic devclopiiieiit (Auor^s, a parting ; 
yevpdsa, 1 produce), 99, 

Maceration, 7, 12, 14, 77 , n ., 80. 

Macrocytis lyrifera, size of, 188. 

Macrospore, 443, n. 

Magenta, 19. 

Magnesium, occurrence of, in phmt-ash, 
247; office of, i,n tfie plant, '253. 

' Malic acid (LiUnOa), occurrence of, In 
plants, 36{). 

Maltin, 468. , 

M.alting, 407. 

Manganese, occurrence of, in plants,' 256. 

Manures, 334. 

Markings, annular, 30, 85; discoid, 30, 
82; of the cell-wall, 29; reticulated, 
30, 85; scalariforui, 84; spiral, 30, 84. 

Maskenlack,- 24. 

Measurenitmt, <d the ainount of assimi- 
lation, 312; of growth, 383: of micro- 
scopic ohj«*ets, 3 ; of transpiration, 271; 
unit (tf. in microscope work, 4. 

Mechanical elements, dLtriburion of, in 
dicotyledons, 193; distribution of, In 
monocotyledons, 101. 

Mechanical injuries, effect of, upon 
plants, 476. 

Mechanical irritation, effect of, upon 
protoplasmic movements, 208,; effect 
of, upon transpiration, 278. 

Mechanics of tissues, 188. 

Media, for examination, of , 'microscopic 
objects, 4 ; mounting or preservative, 
2(L ■ ' 

Medullar V rays , the pith), 61, 

114, 124. 

Medullary sheath, the primary xylem 
bundles projecting into the pith from 
the eambiiim-ring. 

Member, a term employed to designate 
any part of a plant wiieii it is treated 
with reference to position and struc- 
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ture but not with reference to func- 

tion. 

Membranogenic substances {memhrana^ 1 

a membrane ; yiv^iv, to be born), 227, ni. 
Mercuric chloride (HgCls), 13; solution I 

of, for treatment of protein granules, 

4 : 5 . _ ' , 

Mercury, occurrence of, in plants, 256. 
iMerismatic (meristeniatic) tissue. Bee 1 

Heristem. 

Meristein (jutepiorTos, divisible), 59, 105. 1 

Mesophyll (jaecros, middle; (fivWov, a 1 

leaf), the fundamental tissue of the 
leaf. 

Mestom, 191. 

Metaeellulose, 35, n. 

Metals found in plants, 247, 255. 

Metaplasm (fxeTd, in the midst of ; wAao-p-a, 
that which is formed), the name given 
by Haiistein to the granular substances 
mingled with protoplasm. 

Methyl-green, 19, 380. 

Metastasis (p-eTacrTaons, a removing). 

See Transmutation. 

Methvl-viokt “BBBBBB,” 19. 

Mieellffi, 2i2, 257, 393; attractions of, 
212, 218. 

Micrometer, 3. 

Micro-millimeter, 4. 

Micropyle (/xt«p(5s, small; itvAtj, orifice), 
433. 

Microscope, 1. .-las 

Microsomata (juttKpds, small; (r5)p.a, body), 

211 . 

Microspectroscope, 292. 

Microspore, 443, 

Microtome, use of the, in section-cut- 
ting, 3. 

Mikroskopirlack, 24. 

Milk-sacs, 99. 1 

Millon’s reagent (Acid Nitrate of Mer- 
cury), 13, 28, 33. 

Mimosa pudica, 420. 

Mineralization, 34, 39. 

Mirror of microscope, 2. 

Modifications of the cell-wall, 34. ^ 

Moisture, effect of amount of, m the air 
■ upon transpiration, 275; effect of 
forests upon the amount of, _m tne 
air, 281; effect of, upon the direction 
of growth, 393; exhalation of, by 
desert plants, 276; relations of proto- 
plasm to, 209; relations of soils to, 
239. /See also Water. 

, Molecule, 212, ^ , 

Monocotyledons, distribution of mechan- 
ical elements in, 191 ; secondary struc- 


ture of stems of, 135; stems of, 129; 
tvpes of stems of, 133. 

Morphia (CiTHigNOs “k H^O), 327, 365, 
476. . 

Mosses, absorbing organs in, 117 ; aid 
the soil ill retention of water, 282; 
leaves of, 164 ; reproduction in, 441, n. ; 
steins of, 154. 

Mother cells, of pollen, 171, 379; of sto- 
mata, 72, 376. 

Mounting-media, 20. 

Movements, cause of autonomic, nyt 
fully known, 414; due to changes^ in 
structure during ripening of fruits, 
400; hygroscopic, 399; of ciliated 
structures, 398; of Desmids, 398; of 
Diatoms, 398; of leaves, 419 ; of proto- 
plasm, 199, 398; of seedlings, 403; of 
the Telegraph plant, 413; of tendrils, 

I 409, 417; of twining plants, 405; of 

1 young parts of mature plants, 405; 
revolving, 400; sleep, 409 ; sleep, of 
cotyledons, 411; sleep, of floral or- 
gans, 412; spontaneous, 413; utility 
of sleep, 411. 

Mucedin, 364. 

Mucilage, conversion of the cell-wall 
into, 34; in the cell-sap, 51; solubility 
of vegetable, 33. 

Mucilage-cells, 99. ^ 

Mucilaginous modification of paren- 
chyma cells, 63. 

Mucus, 220. ^ 

Mulder’s hypothesis concerning the ori- 
gin of albuminoids, 326, 

Multiple epidermis, 67. 

Myxomycetes, 196, 414. 


Naegeli’s htpothesxs concerning the 
structure of organized bodies, 212. 

Nascent tissue (^TieiscenSf arising). e® 
Meristein. 

Natural grafts, 152. 

Nectar, 451; protection of, from 
visits of unwelcome insects, 455 ; secre- 
tion of, 452; specific gravity of, 452. 

Nectar-glands, 161, 451. 

Nectar guides or spots, 453. 

Nectaries, 452. 

Negative geotropisra, 392. 

Negative heliotropism, 393, 

Nepenthes, 349. 

Nervation of seed-coats, Ion. 

Nerves of leaves, 156. ^ 

Nickel, occurrence of, in plants, iob* 

Niggl’s test for lignin, 13. 
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NiS^Sd^HNOs), 13; as a source of 
plant-food, 335. _ , , mt. 

Nitrogen, amount of, in plants, 3-7, 
amount of, in rain-water, 331; appro- 
priation of, by plants 325 330; com- 
parative needs of wild and cultivated 
plants for, 334; compounds of, m tue 
atmosphere, 331: in coloring^attera 
of leaves, 292; in the soil, 333; mode 
of formation of atmospheric com- 
nounds of, 332; sources of, for plants, 


[flcation 


Organic products, 

OsmiC' acid (perosmic acid) (Os(.)4)t, 14. 

46. 

Osmometer impulse; ^^por, meU' 

sure), 224. 


Osmosis (u,<r/ios, impulse), 221, -24. 

Osmotic equivalent, 225. 

Osmundace;e, steins of, 154. 

Ovary (or«m, an egg), arrangement of 
fibro-vascular bundles in an inferior, 
174; arrangement of tibro-vascular 
bundles in, a superior, 173; structure 
of the, 172; v.arietie8 of cooductive 
placentic in an, 432. ^ ^ 

Ovules, changes in the fertilization of, 
435; development of, 433; fonnutiun 
of, 175; ripening of, 178; structure of 
in iin-ti^iosnerms, 432; structure of 


xygen, an agent in the disintegration 
of rocks, 2m; amount of, absorbed 
during respiration, 368; amount of, 
evolved in assimilation, 316 ; necessary 
for germination, 464; necessary, fot 
protoplasmic movements, 216; of air 
ample for respiration, 368; relations 
of growth to, 388; required by roots^ 
245. 


Orchids, tracheids in roots of, 109. 
Organ, 102, 186 ;■ rank of an, 186, n. 
Organic acids, effect of, upon turges- 
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57, elements of, 60; forms of 1 
cells of, 61; in the fascicular system, 

102; of the flower, 170; of the fruit, 

176; of the leaf, 158; of the petiole, 

160 ; of the stem, 119, 124; sclerotic, 

62; thin-walled, 62. 

Parthenogenesis (TrapSeVos, a virgin; 

yive<rt.<i, production), 446. 

Path of water through the iflant, 259. 

Peaty soils, 239. 

Pectin bodies, 358. 

Pectose, 34, u., 358. 

Pellicle-membrane, 227. 

Perennials, storing of assimilated matter 
in, 373. 

Periblem (irept^Xijixa, a covering), 105^ 
118, 155. 

Fericambium, 113. 

Fericlinal planes (irept, around; «X£vw, I 
incline), 382. 

Periderm (n-ept, around; Sepp-a, skin), 
75. 

Periodic movements of organs, 409. 
Peripheral tissue of rootlets, 108. 
Perisperm around; o-sreppa, the 

seed), 437. 

Peristome, 441, n. 

Perosmic acid. Bee Osmic Acid. 

Petiole {petioluSj a little foot), paren- 
chyma of the, 160; sensitiveness of 
the 419. 

PfeffeVs experiments with artificial cells, 
226. , 
Phelloderm (<^)eXX<5?, cork; Seppa, skin), 
75, 148, w. , _ 

Phellogen (<|)6XX<Ss, cork; I pro- 

duce), 74, 148. 

Phenol. Bee Carbolic Acid. 

Phloem ((|)Xoid9, inner bark), 104. 
Phloroglucin (CeHeOs), nse of, as a test 
for lignin, 14, 37. . , u 

Phosphorus, occurrence of, m plaiit-asn, 

247; office of, in the plant, 253. 

Phosphorescence, 370. 

Phototonus, 423. 

Phycocvanine sea-weed; Kvavo^, 

dark blue), 295. / 

Phycoerythrine (^vko9, sea-weed; epv- 
0pd«, red), 295. 

Phycophanne sea-weed , 9 f 

brown), 295. % > 

Pliycoxanthine (4>5«o9, sea-weed; 

yellow), 295. 

Phyllocladia (<f>i5XXov, leaf, icXaSos, 

a young branch), 280. ^ 

Phyllocyanin ((|>vXXov, leaf; Kvavos, nark 
blue),'290. 


Phvllodia (<f>vXXtoS'»}9, like leaves), 280. 
Phydlophore (<ji>vXXoi', leaf; <f>opea>, I bear), 
132. 

Phylloxanthin (<^uXXoj/, leaf ; yel- 

low), 290. 

Physical properties of soils, 239. 

Picric acid (C6H3[N03]30H), 18. _ 

Piliferous layer (pilus, hair; fero, I 
bear), 108. 

Pinguicula, 345. 

Pinnate venation in leaves (pmnatus, 
feathered), 157. ^ ^ 

Pistils, changes of, in ripenmg, 1/b; 
fibro-vascular bundles in, 173; sensi- 
tiveness of, 424; structure of angio- 
spermous, 427. 

Pith, 124; solubility of, 34, w. 

Planes of the cell-wall at the point of 
growth, 381. , t. 

Plasmolysis (TrXacrpa, what has been 
formed: Xdo-is, a loosing), 390, n, 
Plasmolytic agents, 27, n., 390; effiectof, 
upon protoplasm, 210. 

Plastids (TTXao-flro), I form), 40, 287. 

Pleon (irXeV, full), 212. 

Plerom (»rXijpa>/xa, that which fills), 105, 
118 

Poisons, effects of, upon plants, 473. 
Polarizing apparatus, 4. 

Pollen {pollen, fine flour), amount of, 
■produced by flowers, 432; bursting of 
grains of, ffi water, 429; contents of 
grains of, 428; development of, 171, 
379; effect of sugar solutions on 
grains of, 429; of angiosperms, 427 ; 
of gymnosperms, 437; structure of, 
428; Vitality of, 431. 

Pollen-tube, emission of the, 430; time 
required for descent of the, 431. 
Pollinia, 427. 

PoUinic chamber, 438. 

Polyembryony (^oXv9, many; 

embryo), 446. 

Ponceau, 19. ^ 

Poplar, glands on leaf of the, 161. 

Po^h (KOH), diffusion of, 222; use of, 
as a reagent, 6; nse of, in exannna- 
tion of chloroplastids, & ; use of, m 
section-cutting, 3, w. 

Potassic acetate (KCAO,), use of, as a 

mounting-medium, 21. 

Potassic bichromate (KjCrjO?), 14- 

Potassic chlorate (KClfX), 14. ^ 

Potassic ferrocvamde (K,Fe[CN]8), 
“to preeipitation-mem- 

branes, 225. ^ ^ onn V 

Potassic nitrate (XKOs), 15, » 
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■ of, to vnrioiiP 
tiojis of till* i'i'll-Wfttll 
of, 2lHI; htnii'iurt* of 
28; vitiility of, in m 
205; ^vjiter contiiinod 
Pulsation of viU'HoIos, 0 
Fill villi {pidi'luui^, ii VI 
410; coiitiuuiiv uf jo 


Potassium, occurrence of, in plants, 247; 

office of, in tbe plant, 252. 

Potential energy, 807. 

-membrane, 225. 


I'recipitation- 
Preparat ion of specimens, 21. 

Preservation of wood, 142. 
l^ressure, effect of atmospheric, upon 
germination, 869, 464; effect of atmos- 
pheric, upon growth, 389; effect of, 
upon movements of protoplasm, 208 ; 
growth retarded by external, 395; of 
sap in the stem, 264. 

Prickles, 69. 

Primary cortex, 119. 

Primary membrane, 36. 

Primary structure, 105; of the root, 106; 

of the stem, 119. 

Primine ( primus, iirst), 178. 

Primordial tissues, 58, 

Primordial utricle, 27, n., 220. 
Prooambiiim, 104. 

Prosencliyma (jrpd?, near; an in- 

fusion), characteristics of, 58, 76; m 
the fascicular system, 102. 

Proteids, 28, 326, n. ; formation of, in the 
plant, 885. 

Protein basis, 46. 

Protein granules, 44; classification of, 
in seeds, 182. 

Prothalli, 442, n. 

Protogenic development (n-pwro?, first; 

^ewdtu, 1 produce), 99, w. 

Protophytes, 439, n, 

( 7 rpwT 09 , first ; rrXdcrfjta, what 


mo, 4134, 
\ ill the 
itive plant, 
420; in the Telegraph plant, 414. 
Putrefaction, result> of, 888. 

Pvrenoids (itupiiff a kernel; forni)i 


Quekcitein (GmHsoO^), 862. 
Quinia (CwHgiNaOa i- 11*0), 


Radial bundle, 104. 

Radial planes, 882. 

Radicle, 118; movements of the, 403| 
structure of, lOG. 

Rain-fall, effect of iurcst.s upon the, 
282. ' 

Rain-water, gases in, 300, nitrogen 
compounds in, 881. 

Ranvier’s picrocarmin, 17. 

Raphides [gen. p«.*|>tSo 9 ], a needle 


Razor, use of the, in section-cutting, 3. 

Reagents, 4; employment of, 6, 

Receptacles for secretions, 07, llh. 

Recording uuxauometer, 888. 

Red anilin, 19. 

Rejuvenescence (re, again ; /?/rc»csco, I 
become young), the formation of a 
single now cell from the protoplasm 
of a cell already in existence. 

Repair of waste. 855. 

Reproduction, 425; by budding, 444: 
contrast between methods of, as re- 
gards results, 448 ; in cryptogams, 
439, n.: methods of, 426. 

Reserve ])rotein matters, 44. , 

Resin-cells, 97. 

Resins, 98, 808; detection of, 12. 

Respiration, 5*55, 856, 8t»T : accompanied 
by evolution of heat, 8Tt); contrasted 
with assimilation, 856; early Ihs! «iry 
of, 367; inffuence of light and icmpcr* 
ature upon, 869; intramolecular, 870. 

Resting state., 389, 889, 459. 

Resurrection plant, 899, 

Retention of moisture by sfdls, 289. 

Reticulated markings. 80, 85. 

Reticulated venation in leaves^ 156- 


rotoplasm 

has been formed), amoeboid movement 
of, 201; appearance of, 26; chemical 
properties of, 197 ; circulation of, 199, 
398 ; composition of, 28, 197 ; continiiity 
of, in cells, 214; discrimination between 
living and dead, 10, 470, n . ; effect of 
mechanical irritation upon, 208; ex- 
amination of, 196, 198, 202; film of, 
envelops many crystals, 54; historical 
note regarding, 219 ; in young cells, 
198; movements of naked, 200, 201, 
397 ; movements of, dependent on the 
absorption of moisture, 212, n , ; nitro- 
gen in, 325 ; passage of, through imper- 
forate cell-walls, 217; physical proper- 
ties of, 197 ; rate of movements of, 
200; reaction of, 198; relations of, to 
ansesthetics, 211 ; relations of, to elec- 
tricity, 207; relations of , to gravita- 
tion, 209; relations of, to light, 206; 
relations of, to moisture, 209; relations 
of, to plasmolytic agents, 210; rela- 
tions of, to temperature, 201; rela- 


GLOSSAEIAL IHDEX. 


495 


Revolving nutation, 400. 

Rhizogenic cells (pt^a, a root; yevmw, I 
produce), 115, n* 

Rliizoids (pt4a» a root; like), il7, 
230. 

Ehizomes that which has taken 

root), structure of, 153. 

Ehodospermiii {poBov, rose ; o-Trep/xa* seed,) 
295. 

Ripening of fruits and seeds, 460. 

Rocks, disintegration of, 237. 

Root-cap, 106, 107. 

Root-hairs, 108; corrosive action of, 
246; distortion of, 231; increase the 
absorbing surface of a root, 231; meth- 
od of obtaining for study, 109 ; nimi- 
ber of, on different plants, 231 ; office 
of, in absorption, 231; size of, 231; 
walls of, 108,109. 

Roots, absorption by, 230, 244 ; amount 
of branching of, 232 ; central cylinder 
of, 110; colors of, 116; cortex of, 110; 
crown, 153; depth to which branching 
of, occurs, 233; extent of, 232, 235; 
formation of, 107, 155; from leaves, 
162; growth of, 107 ; influence of the 
soil upon, 234; of cryptogams, 116 ; of 
orchids, 109; oxygen needed by, 245; 
parasitic, 116; piliferous layer of, 108; 
primarv structure of, 106; secoudary 
structure of, 112; types of branching 
of, 115, n. 

Roridiila, 345. 

Rose of Jericho, 400. 

Rosolic acid. See Corallin. 

Rotation of protoplasm, 200. 

Rubidium, occurrence of, in plants, 256. 
Rudimentary branches, 153. 

Russia matting, 147 . 

Eussow’s potash-alcohol, 7. 


Safbakin (a,H,„N,), 19, 380. 

Salicin (CigHisO?), 362. 

Saline matters, absorption of, by roots, 
244. ^ 

Sandy soil, 238. 

Sap, amount of, in plants, 26o; 
from plants, 264; pressure of, 264, 

265. . , . ' 

Saproplivtes (<ra7rp<5s, putrid; a 

plant); 289, 294, .357. 

Sap-wood, 141. 

Sarcode, 220. 

Sarracenia, 347 

Scalariform markings {scalaria, a lad- 
der; forma, form), 30, 84. 


Scales, 69. 

Schizogenic development t 

cleave; y€vvd<»>, I produce), 99, w. 

Schleim, 220. 

Schulze’s maceratiug licpiid, 14, 38, 39. 
Schulze’s reagent, 9, 33, 76, 77, n. 
Schweizer’s reagent, 12, 15, 32. 

Scion, 152, 444. 

Sclerenchyma (or/cXtjpos, hard; nn 

infusion), 87. 

Sclerotic parenchyma (crxAijpo^, hard), 

62. 

Secondary liber, 113. 

Secondary striictm*e, 105; of roots, 112; 

of stems, 135. 

Secondary wood, 113. 

Secretions, of nectar, 451; receptacles 
for, 97, 110 ; stigmatic, 427 . 
Section-cutting, 3. 

Secundine (sec/mc?«6’, second), li8. 

Seeds, albuminous and exalbuminnus, 
181; arrested activity of, 459; changes 
during the ripening of, 460 ; dissemina- 
tion of, 400, 460; focKl in, 182, 437, 
467; germination of, 462; germination 
of oily and starchy, compared, 368 ; im- 
mature, 460; increase of, in size, upon 
the absorption of w-ater, 463 ; integu- 
ments of, 178; minute structure of, 
178; protein granules in, 182; ripeness 
of, 460; vitality of, 205, 461. 

Selenium, occurrence of, in plants, 256. 
Sensitiveness, 414: effect of amesthetics 
upon, 424; of leaf-blades, 419; of peti- 
oles, 419; of roots, 415; of stamens, 
423 ; of stems and branches, 417 ; of 
styles, 424. 

Sensitive plant, 420, 424. 

Sensitive tissues, 415. 

Shell-lac, 24. 

Sieve-cells, 91, 103, 112; contents of, 94; 
development of, 122; of cryptogams, 
94; of gymnosperms, 94; size of, 92. 
Sieve-plates, 91, 92. 

Sieve-pores, 91, 93. 

Sieve-tubes. See Sieve-cells. 

Silica (SiO,), deposits of, in plants, 39. 
Silicium, office, of, in the plant, 25o. 
Silphium laciniatiim, arrangement of 
parenchyma in the leaf of, 160. 

Silver, occurrence of, in plants, 256. 
Simple hairs. 68. 

Simple microscope, 1. 

Simple pistils, 173. 

Sleep-movements, 409 ; of cotyledons, 
411; of floral organs, 412; utility of, 
411. 
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Slides (slips), 2. 

Sfldic chloride (NaCl), 15; diffusion of, 
222, 223. 

Sodic hydrate (NaOH), use of, as a 
reagent, 7 ; use of, in the manufacture 
of paper-pulp, 147. 

Sodic hypochlorite (NaClO), 11< 

Sodium, can partly replace potassium in 
plants, 255; oceurreiice of, in plants, 
247. 

Soft bast, the unlignitied cells of the 
liber portion of a dbro-vascular bundle. 
Soils, absorption of heat by, 245; ab- 
sorption and retention of moisture by, 
239, 282; chemical absorption by, 243; 
classihcation of, 238; condensation of 
gases by, 244; effect of transpiration 
upon, 283; evaporation from, 241, 282; 
filtration through, 242; formation of, 
237; influence of, upon roots, 234; in- 
fluence of, upon transpiration, 270; 
mechanical ingredients of, 239 ; nitr(> 
gen available to plants in, 333 ; physi- 
cal properties of, 239; root-absorption 
of saline matters from, 244; temperar 
ture of, 245; transportation of, by 
water, 238. 

Solan um Pseudocapsicum, coloring- 
matters in berries of, 177. 

Solid yellow, 19. 

Sources of nitrogen for the plant, 327 . 
Specific gravity of wood, 144. 

Spectrum, classification of the rays of 
the, 308 ; effect of the raj'-s of the, upon 
protoplasmic movement, 206; effect of 
the rays of the, upon transpiration, 
278; of chlorophyll, 292, 313. 
Spermoderm (<nr€p/xa, seed ; fiepjiita, skin), 
178. 

Sphaeraphides (<r^atpa, sphere; poK^kj 
needle), 53. 

Sphere- crystals, 53. 

Spines, 69. 

Spiral markings, 30, 84. 

Spongiole (spongiolUf a little sponge), 
230. 

Spongy cortex, 120. 

Spongy parenchyma, 61. 

Sports. 444. 

Spring wood, 1S8, 396; transfer of water 
through, 258. 

Staining agents, 15 ; effect of, upon pro- 
toplasm, 210. 

Stamens {stamen^ a thread), development 
of, 171 ; sensitiveness of, 423. 

Starch, amount of, in plants, 357 ; ap- 
pearance of, when examined with 


polarkecl light, 50 ; conTCwicwi of, intt 
sugar, 357, 407; isompciBition of, 50; 
first visible product of aMHimilatioii, 
321; in latex, 96; In 182; pres* 
enee of, in chloroplastid^*, 42; produe- 
timi of, in a plant dependent on pota^- 
.Slum, 252; solubility of, 49; Eiructiirc 
of, 47; tests for, 8, 51). 

Starch cellulose, 50. 

Starch generators. &>€ Umcoplastids. 
Steatn, action of, on chlorophyll gran- 
ules, 290, 475, »# 

Stearic acid (CirH^Os), 300. ■ 

Stearin (C.wHnciOe), 36i>. 

Stellate hairs (sieik, a star), 69. 

Stellate scales, 09. 

Stems, 118; bleeding of, 264; course of 
fibro-vascular bundles in, 125; cortex 
of, 119; development of, 124; dicojty* 
ledonous (exogenous), l*2ih 130: epider- 
mis of, 119; libro-vascular bundles of, 
120; injuries of, nionocHtyle- 

donous (endogenous), 129, 133, 135; 
of nmsses, 154; of vaseular crypto- 
gams, 154; pith of, 124; pressUK* of 
sap in, 264; primary structure of, 119; 
secondary structure of. 135; sensitive* 

. 11688 of, 417; transfer of water through, 
258 ; wilting of cut, 263. 

Stereora firm), 191. 

Stigma (irdyfxa, a mark made by a 
■ |H)inted instrument), 427 ; character' of 
the cells of the, 172; extent of surface 
i ' ' of the, 427, 430. ' 

Stigmatic secretion, 42T. 

Stock, 152. 

Stomata (arofia.the mouth), ^0, 268; de- 
velopment of, 72, 378; guardian cells 
of, 70, 269; mechanism of, 269 ; occur- 
rence of, 70, n,.j 71, 72; passage of 

gases through, 303; relations of, to 
■ external influences, 270; size of, 71. 
Stratification, 30. 

Striation. 30. 

Stroma (o-rpwjua. a bed), 198. 

Strontium, occurrence of, in plants, 258. 
Structural characters of wood, 146, a. 
Strychnia (G;iiH2oN202). 365. 

Style (stilus, a style), 427 ; character of 
the cells of the, 172; cojiductive tissue 
of, 431 ; sensitiveness of, 424. 
Suberification (sufjer, cork; facto, I 
make), 34, 38. 

Suberin, 38; tests for, 7, 14, 39. 
Submerged phamogams, leaves of, 181. 
Substitute fibres, 80, 

Sugar, diffusion of, 222 ; effect of a soln 
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tion of j on pollen-grains, 429; in the 
cell-sap, 52; use of, as a reagent, 15, 
199. 

Sugar group of iion-nitrogeiioiis prod- 
ucts, 358. 

Sulphur, appropriation of, bv the plant, 
255, 284, 336; in the ash of plants, 
247 .' 

Sulphuric acid (H2SO4), effect of, upon 
cellulose, 15, 31; effect of, upon cuti- 
nized membranes, 39; use of, as a sol- 
vent for callus, 93. 

Sulphurous acid (SOa)* effects of, upon 
leaves, 474. , ■ ■ 

Superior ovaries, arrangement of the 
fibro-vascular bundles in, 173. 
Suspensor, 436. 

Synergidse (awepyog, working together), 
,435. 

Syntagma (o-wrayfia, that which is put 
together in order), 213, n. 

Synthesis of albuminous matters in the 
plant, 335. 

Systems, 102. 


Tabasheek, 39, n. 

Tagma (rdypa, a company), 213, n. 
Tannate of gelatin used in the formation ! 

of Traube’s cell, 226. 

Tannin (C14H10O9), diffusion of, 222; in 
pulvinus of Mimosa, 361, 420; occur- 
rence of, in plants, 361 ; tests for, 12, 
14. 

Tapetum (tapete, a carpet), 171, n. 
Tartaric acid (CaHsOg), 360. 

Teasel. See Dipsacus. 

Tegmen {tegmen, a covering), 178. 
Telegraph plant, 413. 

Temperature, effect of, upon absorption 
by soils, 240 ; effects of too high, upon 
plants, 470 ; elevation of, during intra- 
molecular respiration, 372; influence 

of, upon absorption by roots, 245 ; influ- 
ence of, upon assimilation, 306, 316; 
influence of, upon respiration, 369 ; in- 
fluence of, upon transpiration, 277 ; of 
air inside a spathe, 370; of pulvinus 
of Mimosa, 421; producing rigidity 
in Sensitive plant, 423; relations of 

growth to, 385; relations of protoplasm 

to, 201 ; relations of soils to, 245 ; rela- 
tions of, to germination, 464. 

Tendrils, circumnutation of, 409, 417. 
Tensions of the cell-wall and tissues, 
390. 

Terpene (CioHic)? 362. 


Tertiary formations in the root, 115. 

Testa (testa, a shell), 178. 

Tetrad (rerpas, four), 171. 

Thallium, occurrence of, in plants, 256. 
Thallophjdes, 164, 440. 

Tharaiidt normal-culture solution, 250. 
Thermotropic curvatures, 394. 
Thermotropism (deppov, heat; rporros, a 
turn), 394. 

Thiersch’s borax-carmin, 17. 

Thiersch’s oxalic-acid carmiti, 17. 

Times of opening and closing of flowers, 
412. 

Tin, occurrence of, in plants, 256, 

Tissues, 102; classitication of, 187 ; con- 
ducting power of ligneous, 261; cribri- 
form, 91; depth to which light pene- 
trates, 309; hardening of, 9, 11; rela 
tions of water to, 257; sensitive, 415; 
tension of, 390. 

Titanium occurrence of, in plants, 256. 
Trabecular ducts (trabecula, a little 
beam), 86. 

Tracheie (rpaxcia, rough), 82, 84. See 
also Yessels. 

Tracheal cells, 81. 

Tracheal portion of a fibro-vascular 
bundle, 104. 

Tracheids, 82; in roots of orchids, 109; 
in stems, 121 ; size of, 143 ; walls of, 
84. 

Transfer of ’water through the plant, 257 ; 
compared with that through porous 
inorganic substances, 262, w. ; effect of 
exposing a cut surface to the air upon, 
263; effect of motion upon, 263; path 
of, 259; rate of, 259, 261. 

Transformed branches, 153. 

Transformed cells, 56. 

Transmutation, 354, 355. 

Transpiration, 268; amount of water 
given off in, 271, 275, 281; apparatus 
for registering, 273; checks upon, 280 ; 
compared with evaporation proper, 
275; effect of various salts upon, 
279; effect of heat upon, 277; effect 
of light upon, 277 ; effect of mechani- 
cal shock upon, 278 ; effect of moisture 
in the air upon, 275; effect of nature 
of the soil upon, 276; effects of, upon 
the air, 281 ; effects of, upon the plant, 
281; effects of, upon the soil, 283; 
experiments upon, 273; methods of 
measuring, 272 ; relation of age of 
leaves to, 279; relation of, to absorp- 
tion, 279; relative amounts of, from 
opposite sides of a leaf, 274. 
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sis, 2f»7; abfiorptiori of erases h\\ TO, 
n.; ac’tioo of stiwii upon clikmplnil, 
■.20y, 47d, an agent in the format ion 
of soils, 247; iimoiiist of, eniitaiiiod in 
plants, 246; amoiuif «»f, given off in 
transpiration, 271 ? aiuoiiiit <4, ret|iiin.*cl 
for germhiatioii, 462; diri'ctum in 
. whicli tissues mo>t readily oomiurt, 
262, ?/.; offetd of ab-^orpiitm of, »|ioii 
seeds, 464 ; elTrcd of, upon protoplas- 
mk* iiukveuseiits, 26U; i-flVct <d, upon 
opening ami ol >ioniata. 2Tl): 

eipiilihriuin of, in the plant, 25S; ex- 
iidatkm of, from iiiiinjurt.'d parts of 
. plants, 267, niidimti of detomiiiiliig 
amount of, in dry wood. 261: rate of 
ascent of, in stems, 261, 26»4: relations 
of, to tissues, 257 ; relative amount of 
.«ipace (H’cupiesi h\\ in fiv-'h wood, 20*1; 
transfer of, in plants, 27)7, 26>St; trans- 
port <if soiK by. 248: m«e of, as a 
iiiedinm, 5*, of, as a ntomding- 
medlutn, 21 . *Si* als(» ^loisture. 
Water-eultnre, 248; *lireetions for, 2411; 
first a}»p^i^‘t‘t!t»n ol'imdiuHl of, 2411; so- 
lutions for, 251). 

Water-plants, size of, 188; sinicture.of 
land-plants compared with that of, 


Transverse planes, 382. 

Trees, age of, 139. . 

Trichoblast (0pi| [gen. Tptx«k], hair; 
pAa(TT(5s, shoot), a name proposed by 
Sachs for such idioblasts as are es- 
pecially distinguished by size and 
branching. 

Tricbogyne, 440, «. _ 

Tricbonies hair), 65, 68, 240. 

Trinitrophenic acid. Picric Acid. 

Triolein. See Olein. 

Tripalmatin. See Palmatin. 

Tristearin. See Stearin. 

Trom liter’s test for dextrin, 51. 

Trophoplast (tpo<|)6s, a feeder; irAdacrw, I 
form), 287. 

Tiillen. Tyloses. 

Turgescence, effect of organic acids uponi 


Turpentine (ChoHio), use of, in prepara- 
tion of specimens for mounting, 23. 
Twining plants, 405. 

Tyloses (ruAo?, a protuberance), 87. 
Typical cells. See Fundamental Cells. 


UxORGAKIZED FERMENTS, 365. 
Utricularia, 346. 


Water-;K>rc>, 74. 

Water tissue, 62, 280, 

Waxy coatings upon the epid.erinisi 68. 

White ddorophyll, 422. 

White lead as a varni**!!, 24. 

Wiesiier's tests for lignin, H), 14, 47. 

Wild plants, supply of nitrogen to^ 434 

Wilting of leaves, 471, 

Winterkilling. 472. 

Withering of stems, how prevouted, 264. 

Wood, autumn, 148, 495: color of. 141; 
density of. 144; ideiititk-atioii of, by 
histologieal features, 145. ud<»rof, 
142; preservation of, 142: >pring. 14>S, 
396; structural characters of, 146, a. 

Wood-cells, 57, 78, 82; size of, 86, n.^ 
143. See also Trachdds. 

Wood elements, inclination of, to the 
axes of trees, 144. 

Wood-iibre used for paper-ptdp, 145. 

Wood-parenchyma, 77. 

Woodward’s carmin, 17. 

Woody fibres, 57, See also Wood- 
cells. . 

Woody rings, 114, 137; deraarcatioiQ 
between, ' 139 : size (d, 140 ; two, 
formed in a single year, 139. 

Work of the ])lant, 185. 


Vacuoles, 25, 177, 200, 212, 280, 

375, 397. 

Variegated plants, 477. 

Varieties, 447. 

Variety-hybrids, 455. 

Vascular system. See Fibro-vascular 
System. 

Vasculose, 35, w. 

Vasiform elements (tjas, vessel; Jormn^ 
form), 81. 

Vasiform wood-cells. See Traclieids. 

Vegetable acids, 360. 

Vegetable mucus, occurrence of, in 
plants, 358; test for, 15. 

Vegetable parchment, 32, n. 

Venation of leaves, 156. 

Vesque’s method of producing crystals, 
55. 

Vessels, 55, 77, 84; classified, 60; 

.size of, SA 

Viola tricolor, coloring-matters in flowers 
of, 170. 

Vitality of seeds, 205, 461. 

Vitellin, 364. 


Wardian CASES, 474. 

Water, absorbed previous to metasta- 
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Works of reference relating to insectiv- 
orous plants, 351; relating to micro- 
scope manipulation and micro-chem- 
istry, 24; relating to the cell and its 
modifications, 55 ; relating to the his- 
tology of the organs of vegetation, 165. 

Wounds of plants, healing of, 150. 


XAI 5 THIC FLOWEK COIA)RS (Sw06s, yel- 

low), 454. 


Nanthophyll yellow; 

leaf), 290, 291, 297. 
Xerophilous ifiants dry; 

I love), 280, n. 

Xylem wood), 104. 


Zinc, occurrence of, in plants, 255; re- 
lated to changes of form in the plant, 
256. 

Zygophytes, reproduction in, 439, w. 



PRACTICAL EXERCISES. 



SUGGESTIONS FOR STUDIES IN HISTOLOGY 
AND PHYSIOLOGY OF PH^NOGAMS. 


The following hints are designed chiefly to aid students who 
have at their command the simpler appliances described in the 
foreo-oing pages. In addition to the simpler exercises there are 
also'snggested a few which are quite within the power ot students 
havimr^access to a small chemical laboratory and a small cabinet 
of physical apparatus. The chemical and physical outlits now 
found in many of our high schools will prove ample lor the 
successful prosecution of these experiments. 

HISTOLOGICAL PRACTICE. 

Material for study. The supply of material for histology 
should be abundant and of the best quality, all inferior or imper- 
fect specimens being carefully excluded. It (except that dis- 
tinctly referred to as fresh) should be collected at proper seasons 
and preserved at once in strong alcohol, great care being exer- 
cised to have every specimen accurately labelled ; name, locality, 
time of gathering, etc., being noted. When alcoholic material 
is required for immediate use in the preparation of sections, it 
can be softened, if necessary, by soaking in pure water, as 
directed in 37. 

Delineation* When a satisfactory section or preparation lias 
been secured, the student should make an accurate drawing of 
its essential features. The emplo^mient of a camera liicida (12) 
insures correct proportions in all parts of the sketch, and is 
always to be recommended. Drawings made by its aid are^ con- 
veniently designated by the following abbreviated term, ad nat. 
del It may seem scarcely necessary to caution students against 
obscuring any part of their histological sketches by meaningless 
shading; a few clean and clear outlines suffice to express the 
character of the preparation better than any attempt to give the 
(iffects of light and shade. There are some exceptions to this 
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broad statement; for instance^ pre|mr«tioiiH of na^nfciit liowt^rs 
are shown equally well by shaded figures, and flu* i-niiie h true 
of many pollen-grains, etc* The use of sll|>s of dnimiiig-puper 
of uiiiforra size and the arrangement of tlK^si* uiifirn- fipprr^printe 
heads will render the keeping of a sysUnautle reiord of work 
much easier. 


Feriiianent preparations. In most ciik4*k tlie sc^elioiis or other 
preparations should be permanently mounted In w>irie suitable 
preservative medium, and properly labelled with tlic^ mmw of the 
plant' .and of the special part exhibited, date of prc‘paratfoii, 
medium in which it is mounted, etc. The drawings sliouid be 
numbered or labelled to c^rrespoiKl with the perjiiaiient prepa- 
rations. 


Histological elements, their nioillllcatioiis 
In the following enumeration of the mon* 
the sequence is (1) form, (2) contents, 
development. 


m aiMl foiiiliiiiatloiis. 

im|M’>rtant ehuiieiits 
(tl) distriliiitioii, (4) 


FORMS OF THE STRUCTUKAl* ELKMENlK AND SI„M'PLE 
TISSUES. 

L- Parenchyma Frofer and its Chief M'ninFirATioKK. 

(u) Soak a few peas or beans in water until tliey lieeoine soft 
enough to be cut without diflicuity, vomoxv tlie Heed-c^oais, ami 
make with a wet razor (see 8) three very Ihin through 

the cotyledons. These sections for comparison should ho at riglit 
angles to one another, in order to exhibit the lengtlt breadth, 
and thickness of the cells. On removing tliein from the knife 
or razor (by means of a camePs-hair brush), float them in ivater 
and move them gently about, in order to detach the ceil-eontmits 
which have partly escaped from the cot cells. When the sections 
appear clear, transfer them to the middle of a glass slide, add 
a little pure water and cover with thin glass, being very careful 
to exclude all air-bubbles. If the sections are thin and wholly 
free from bubbles of air, compare the outlines of* the cells witii 
one another, making drawings of the specimens. 

(h) Make similar sections (1) through the pulp of any unripe 
fruit apple, pear, snow-berry, etc. ; (2) through tlie pith of 
Elder, Lilac, or any soft shoots ; (3) through the pulp of any 
succulent leaves, for instance those of Sedum, Purslane, or 
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(c) Make a transverse and a vertical section through the 
petiole of any water-lily, or through the soft interior of any rush 
(Jiincus). 


(f?) When, after considerable practice, the student succeeds 
in making very thin sections of the foregoing plants, let the 
reagents for the demonstration of cellulose be applied to them, 
as directed in 143. 

It is not superfluous to state (1) that success in the application 
of these and most of the other reagents employed under the 
microscope is generally preceded hj manj" failures, and (2) that 
carelessness in the use of some of the reagents may irreparably 
ruin the microscope lenses. 


/Sclerotic Parenchyma, Excellent material can be obtained 
from the flesh of pears and quinces (see 211 and Fig. 40). 

From the tough shells of many sorts of nuts and seeds (see 
Fig. 41) good preparations can be made by the method described 
in 495. For the Canada balsam there recommended good 
shellac can be advantageousi 3 " substituted. 


Collenchyma cells are well exhibited b}^ cross-sections of the 
stem of any common Labiate, for instance Spearmint, or of the 
stem of almost any of the Umbelliferae (see 216). Apply" dilute 
hydrochloric acid to the sections. 


Wood parenchyma cells are easily- obtained by careful macer- 
ation (70). Dilute solutions of Schulze's liquid are preferable 
to strong, although much slower in action. Excellent material 
is afforded by most of the oaks and other hard rroods (see 254, 
255). Nearly^ all possible intermediate forms can be found by^ 
careful search. Apply the tests for ‘‘lignin" (154). Use also 
upon different specimens red and blue coal-tar colors. 


11. Epidermal Cells. 

(a) Examine a film removed from the upper surface bf some 
fleshy leaf; for instance, Sedum, the cultivated Cotydedon or 
Eecheveria, Purslane, or Begonia, etc. 


(5) Compare the cells of this film with those found on the 
upper surface of a shining petal; e, g,y that of Buttercup or 



(c) ,'BeiBOve a' moderately thm film from the young steiir or 
branch of some Cactus, and examine the ex|>ose(l surface of the 
epidermal ceils for cutinization and 224). Apply aiiy of 

the coal-tar colors to similar fragments, and note f^lilTereiiees, 
of tint. 

. Examine, the “bloom” (22()) on the follrnving: (1) stem 
of Indian corn,' (2) stem of castor-oil plant, (h) kaif of cail'ibage, 
(4) fruit of plum, juniper, or Myrica emifiTa « Ihiylierry). 

(e) Make a thin vertical section through the leaf of Fieiis 
eiastica (India-rubber plant), noting tlic epiderinls aiic! c*3'’'stGlit!:.is 
(see 164 and Fig. 6). 

(j^) Examine. the examples of innltiple.ep'lclermls afforded by 
many of the cultivated species of Begonia. 

Trichomes. (a) Examine the velvety petals of .any flower, 

and compare their very short triclKnues, or hairs, with those on 
downy, rough, and bristly stems aiul leaves. 

(р) Examine also a vertical section of a young rose-prickie. 
The variety of glandular trieliomes at hand in ai\y' loeality 

is so great that no special directions need be given for their 
selection. 

(с) Koot-hairs are easily obtained by allowing the seecls of 
flax, or the grains of corn, wheat, etc., to germinate on wet 
filtering-paper, or even on moist glass. 

(pp- 70-73). For the proper study of these a ml- 
crom,eter eye-piece (11) is very necessaiy. By its employment 
the dimensions of individual stomata and the number of stomata 
on a given space can be easily determined. 

Sections of stomata are made best l\y aid of the processes of 
imbedding (8). Examination of the tal)le by Weiss (page 71) 
will aflbrd hints as to the selection of large stomata for examliia- 
tion in section. 

Wat^^-pores and rifts (242). (a) Water-por(‘s are ftiriiislieci 
bj'the tips of the teeth of the leaves from some s|.>e(*ies of Fiichsla. 

■ Sections, showing their constituent c(dls are l-jest made vertically 
and .lengthwise ■through the leaf. Tropioolum. or the' so-eallecl 
Garden Nasturtium, also gives good oxam|>les. 

(J),. .Gompare with these water-pores the irn'^gnlar .rifts In the 
leaves of some grasses ; for instance, Indian corn. 
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IV. PnosE^roHrMATic AVood-Elemknts. 

These elements (see pages- 78-87) can be studied to best ad- 
vantage after very careful maceration,- as directed in 70. Long 
wood-cells, woody fibres,, and traclieee (or duets) are easily 
separable from each other by -such ' chemical means,' and are 
generally identified with .facility. 'Abundant material for the 
dcnnoiistratio,ii of traeliem is afforded by the fibre- vascular b'ondles- 
(11)8) of iierbs and by the ligneous parts of our common trees 
of /ter than the Gon/ferm, ' There appears to be no special need 
of specifying the ligneous - plants which can, be most siiccessfiiliy 
employed for demonstrations of the woody elements. Magnolias, 
Tulip-tree, woody Leguinioosm and. Rosacem, Urticacese-, ami 
Cupiiiife.riB are all satisfactory as sources of material. 

Good examples of traeheids are procurable - from species of 
Coniferm, such as Pines, Firs, Spruces,, etc."' These should be 
examined in all stages of development and from all points of 
view, particular attention being directed -to theunarked difference 
between the radial and tangential aspects of the cells. 

Cells which - have been sepa.rated from each other' mecliaiiieafiy 
and have not been ijrevioiisly acted on bj' eheinicals sliouki be 
'studied with reference to their behavior under the , action, of 
iodine and other reagents, it being possible to demonstrate the 
existence of thin layers or plates'” which compose the wall. 
Iodine colors the fresh cells : yellow^ ; investigation shows, how- 
ever, that the inner wall or plate of the cell. is not much, if at 
ail, colored by the reagent, the color being confined to an outer 
and a middle wall : or plate . When the ' cells thus treated with 
iodine are touched with concentrated sulphuric acid, the outer 
and middle plates remain yellow^ while the inner plate turns 


in. Cork-Cells. 


For the examination of these cells, the student -should begin 
With the soft and close-textured ‘^velvet” cork procurable , at 
any apothecary shop. Let the sections be made in at least twm 
directions at right angles to each other, and if possible’ let them 
pass through one of the lines of demarcation .of ' the. cork : note 
any differences of shape and size presented by the cells at that 
place. 

The 3 ^oimg stems of any of our common currants- give- in cross- 
seetioii excellent illiistratio'ns of co.i*lc-cells ■ (see pages 74-76) 
and of their development. Test these 'and similar specimens of 
cork-cells for the presence of ciitiii'or suberiii (see 26, o4, 161)« 


STUDISS IK HISTOLOGY, 


6 

blue. Soon tbe inner and middle plates dissolve, the outer not 
being attacked nntii somewhat later. If Schulze’s macerating 
solution (Ml strength). is employed, the outer plate dissoives 
quickly, but the others are not miicii affected for some time. 
Careful management of these powerful solvents is demaiicled to 
insure even a moderate degree' of success in this demonstration. 

Y. Bast-Fibres. 

Isolation of these cells is easily effected by teasing with needles 
under the dissecting microscope. Tlie use of macerating solu- 
tions for this purpose is also admissible, but the results are not 
quite so satistactory as with the w^ood-elements. Examination 
of the table on page 90 shows the wide difference whicdi exists 
between the dimensions of the raw llbres and their structural 
elements, into which they can be separated mechanically. 

Most bast- fibres take the coal-tar colors very wcil, ami ft would 
be best for tbe student (without giving too imieh tiim* to it) to 
note the different effects whicli are productal on viirioiis fihn‘s b}" 
the colors described on page 19. The ehaiigt‘B pnHlu<*etl in tiie 
dimensions of the fibres by dilute acids should also In* obstjrved. 
After this preliminary practice the reactions givcm on pagt? 90 
should be carefully repeated with such mattnial as Is at hand. 
Full directions for the preparation and usti of tlm prt^smibed 
reagents will be found in the introductory chapter. Lastly, de- 
terminations of the average dimensions of tlie coiimierelal fibres, 
flax, hemp, jute, etc., should be carefully made. 

VI. Ceibrose-Cells OR Si,eve-Ge:lls. 

These can be very easily demonstrated in thin vertical sec- 
tions of the stems of any large Cucurbitaeeous plants ; for in- 
stance, squashes, melons, etc. If the student fails to detect in 
fresh material forms similar to those sliown in Fig. 73, a little 
tincture of iodine should be added to the specimen, in order to 
contract the lining and other contents of the cells. By this 
reagent the contents become more or less distincliy colored, and 
the discrimination between the cells and the surrounding tissues 
is generally very plain. In other common plants, graptsviiies. 
etc., the detection of cribrose-cells is not always east’, but 
diligent search will bring, out these characteristic constituents of 
soft bast. 

The study of the structure of the sieve-plates requires the use 
of much higher powers of the microscope than most !K.*<»;iuners 
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are likely to possess. Muck can, however, be done in the ex- 
amination of the callus by the employment of the reagents 
mentioned in 282 and 283. The student should not fail to sub- 
mit a thin section showing the larger cribrose-eells to the action, 
of eoncentrated sulphuric acid, and remove in this way the whole 
of the cell- wall, leaving (if the manipulation has been careful) 
the contents slightly connected together and showing the inter- 
communication between the cells. 

YII. Latex-Cells. 

Latex-cells are abundant for demonstration in many wild and 
cultivated plants ; but few afford material better adapted to the 
use of beginners than the greenhouse plant, Euphorbia splen- 
dens. Other cultivated species of the same genus are about as 
good. With the younger and softer steins of this plant one has 
merely to secure thin sections through their outer or cortical 
portion, when, in a good section, the latex- tubes can be found 
ramifying irregularly. The peculiar dumb-bell shaped grains in 
the tubes ibrm a characteristic feature. 

When a thin section of any tissue containing latex-tubes is 
gently heated in a dilute solution of potasslc hydrate, or for a 
Siorter time in a stronger solution, the parts become so much 
softened that the tubes can be easily separated from the sur- 
rounding tissue, after which they can be floated on to a fiesh 
slide and examined by themselves. 

Abundant material for the study of latex-cells is furnished 
by plants of the following groups: Lobeliaceae, Campanulaoese, 
Liguiiflorm, and many Papaveracem. 

VIII. Special Eeoeptacles for Secretions. 

These are constantly met with in sections of many stems, 
leaves, and fruits. A few examples for study are here given. 

(a) Crystal-cells. Look for these in the leaves of the Araceae, 
OnagracejB, and Chenopodiaeeae, and in the hark of almost any 
of the ligneous Rosacese (Pome®), where they are especially 
associated with the bast-fibres. 

(b) Eesin-Gells and resin-reservoirs are found in the hark ot 
many Couifer® and Umbellifer®, etc., in the leaves of Rutace®, 

. Ilypeiicacem, and Myrtacese. - . i 

(c) Tannin receptacles are found in very many kinds of bark. 

For the detection of tannin, solutions of potassic chromate or 
aramonic chromate m.ay be employed, a brown color being 
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promptly produced,. This test is preferable In some respects to 
the solutions of iron alluded to in 59. 


CELL-CONTENTS. 

1. Protoplasm:. 

,No better material for, the demonstration of the pliysiea! and 
chemical properties of protoplasm in its slab* (‘an Lc* ein- 

plojed by a beginner than the young stainiai-Iuiirs oi‘ Spiiierwort, 
Several garden species of Spiderwort are available fu' Ibis pur- 
pose, especially Tnidescantia Ylrginica and pil«*sa. Ha* gria ii- 
house species can also be employed. If none* (U‘ lbe^e are at 
hand, any young large plaiit-liairs with thin tran>fiare!it walls 
will answer for the demonst ration. I{‘ the hairs are snilleiently 
young, the protophism appears as a nearly traaispareiit iimss 
filling tlie cell-cavity; but .even, whim they are only sliglitiv 
.advanced in development t.he mass lK‘e(inH‘s hmiey-eoiiibed by 
.sap-cavities or vacuoles.. With further devc‘IopiiU‘ni tliese be- 
come confluent, and trav(irsed liere and thma* by hhmdi^r Ihnaids ; 
the wall of the cell, however, as 'long us it is*alive, being liiunl 
by a delicate film of protoplasm. 

^ When the protoplasm exists in a cell only in tbcf latter eondi- 
tion, it is well to place the cell in a solution' of sugar (a five per- 
cent one will answer) or in dilute glycerin. By this means the 
protoplasmic lining is contracted somewhat by the willidi-awai 
of water from its cavity, and in shrinkiiig from the wall its shriv- 
elled contour can be easily distinguished. 

It Is, best .for a beginner to use in his early demonstrations 
very 3 ’oiing plant-hairs in which the vacuoles do md, oc-eupy 
space within the cell. The cells composing the groning points 
of most roots, stems, and leaves- are too small for satisfactorv 
study, at the .very ontset; it, is 'well to defer the exaiainalioii of 
,die , protoplasm in these; until .its... reactions have hvm clearly 
demonstrated in 3 mnng plant-hairs. 

. Directions for .the ..demonstration of active protoplasm can be 
found. in section 124, ;■ The ..tests there given should be repeated 
by the student four or five times with diflerent kinds of cells, 


.latereeliular spaces of vadous shapes and sizes coiitaiiiiic'** 
air, or air and water, are met. with in many of the plants alrcadV 
enumerated. The most interesting are found in inoiiocotyk do- 
nous plants, notably Araceie and Juncaceae. 
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after wliicli the effect upon fresh material of potassic hydrate^ 
both the concentrated and the dilute solutions, should be care- 
folly watched. In these examinations it will be well to practise 
with the reagents without lifting the cover-glass (see 17 and 20). 


IL CHLOEOPI.ASTIDS. 

Examine the chlorophyll granules (see page 41) in the fol- 
lowing material : — ■ . 4. 

(a) The parenchyma cells of any thick leaves, for instance 

those of Purslane, Begonia, etc., noting in the drawing the rela- 
tive size and abundance of the granules in different cells. 

(h) The epidennis of the same leaves, noting in what cells, if 
aiiv, the granules are found. 

Examine also the green bodies in the leaves of any true moss, 

and in any filamentous alga, e. g., Spirogyra, and the cotyledons 
of the following seeds for any green granules : sunflower, maple, 

and pine. ' . ^ 

Raise three seedlings of flax and pine. Let one of the seed- 

lim^s of each be kept in darkness, to the second seedling of each 
<riTC only a very little light, to the third give as much hght as 
possible ; and wiien the pLumnles have begun to develop, examine 
the cotyledons and yonug stems for any color-granules. _ 

Do well-blanched celery petioles contain chlorophyll, lo 
answer this, e.xamine the base, middle, and summit of the leaf- 

^^The next three studies can be advantageously deferred until 

after that of starch. 

III. Leucoplastids. 

These bodies (see 174) require for their detection very careful 
manipulation, but by following the ^Wrections gweii on page 44 
they can iisuallv be made out without much difficulty. Doi the 
pseudo-bulb of Phajiis, which is there recommended, the same 
organ in almost any of the cultivated exotic orchids may he 
substituted. 

lY. Cheomoplastids. 

These can he examined in any of the colored fruits , for 

instance, in winter, the of Sdauum Pseud^^^ 

(Jerusalem Cherry) may be used (as directed ^ 

baiiules there found should he compared with coloied giauules 

in the petals of almost any flower. For examination of the coloi- 

irranules in flowers, common pansies answer very well (see 4 1 7.) 



smmmu: 




STUDIES IN HISTOLOGY 


, (p%ei5 41-47 i-iriii 182). 

Exhume thin sections of the endos|Knn of the seed of !■ 
after the specimen has been treated as directed in IKJ. ai’ 
of the seed of Bertholletia (Brazil-nut). I'enminem nr.'ivii 
from the latter should be made as directed on pm <■(•17 

skinTa pSat'^tut:^^* 


VI. Staiich. 

In the examination of starch (pages 4 
sections of (a) a potato-tuber, (b) the cerei 
pages cited, (c) seeds of the pea and bean 

Detach some medium-sized starch-gram; 
with the micrometer: after this apply a f 
ploying the most dilute one wliich will imi 
the granules. Is the color given by iodi: 
exposure of the colored specimen to 'li<dit i 
permanence of color? 

In all cases note very carefully any am 
tion which the different granules pmsenl 
distinctive characters by which each of thi 
starches can be recognized, such as rico-s 
laundry starch (either wheat or potato) 
amiharity has been acquired by an e.xa 
kinds of starch figured in Part I try l 
specimens of laundry starch t 

Can starch be detected in the following; - 
oeeds of flax and mustard? ^ 

Eoots of beets and turnips ? 

Pulp of the ripe and the unrino 


,. ^ minute amount in c 

ctions given on page 42 must be 

on, je character of the granules si 
be <ieteriiimed by iodine and tiie re; 


0EYSTAL8, OABBOHYDEATES, AND OIL-GLOBULES. 11 


YIL CllYSTALS, 

In many of the sections already spoken of, for instance those 
of Begonia, single crystals and clusters of crystals have at- 
tracted attention. For a brief study of difiereut forms of 
crystals (see pages 52-55) the following are very serviceable : 
petioles of Begonia, scales of onion, leaves of Tradescantia, 
Fuchsia, and the common “ Calla” (Richardia), bark of many 
woody plants. 

If a thin section of the leaf of almost any Araceous plant, for 
instance “ Calla,” is placed in a little water under the micro- 
scope, it frequently happens that the discharge of acicular 
crystals (raphides), described on page 52, can be seen without 
clifliculty. 

Apply to the specimens containing cr 5 ^stals the two reagents 
spoken of in the table on page 54, and carefully note results. 
Repeat Vesque’s experiment (188). 

VIII. C-UIBOHYDRATES DISSOLVED IN THE CeLL-SAP. 

(a) Inulin (183) is deposited from its solution in cell-sap 
whenever the cells are placed for a time in alcohol or even in 
o-lycerin. Its characteristic forms are not likely to be mistaken 
for anvthing else met with in the tissues. Excellent material is 
atforded not only by the common Dahlia, but by Ciehory and 

Dandelion (see Fig. 85). _ . .u 

(.5) The sugars. Examine a thin section of beet-root by the 
method described in 184. Compare with it a thin section of any 
ripe fruit. 

IXv Other Cell-contents. 

Oil Globules^ sometimes of large size, but generally minute, 
are to be looked for in those seeds which do not contain starch 
(compare 511)- Examine in these the effect of ether on the pa,r- 
ticles of oil, and also make sections through the leaves of bt. 
Jolm’s-wort, Rue, and Dictamnus, and through the rind of an 
orange or lemon to determine the shape of the receptacles con- 
taining oily matters. 

Eesins, etc. For a study of these, proceed as directed m oh, 

einuloving vonng shoots of Pine. _ 

YIo'mito, etc. For the detection oftannin, solutions of iron (see 

591 may be used ; but the results are generally more satisfactory 
when a solution of potassic or ammonic dichromate is employed. 
The color imparted to the cells containing much tannin is brownish 



STUDIES m HI8T0LUGY 
or even almost black. The student should 

peculiar globules of tamiin-sohition found iu j 

nus, or cushion, at the base of the petiole t.f 
plant). Similar globules have been ilete<-le. i i 


DISTRIBUTIOJf OF THE HISTOIJ 

The various histological elements ; 
directed in Chapter II. should be inv 
their mutual relations. It is advisable 
ton or framework of the plant, aftmv; 

cells, etc. 

As shown in Chapter III., the franu*T 
which we are now to consider, consists , 

variously arranged and conjoined. Tlu 

cases may run for some distance as i 
others esist as compact masses, are su 
smaller amounts of cellular tLssue, the 

onhe Xlt 


ion of flui stroetiifc of 

the following idaiits will 
corn, Castor-oil phuit, umi .>■ 
give examph'.s of nvlkd bun, 
of hber and of wood are iu di 
stems (including the hypocotvled,,, 

and squash) may be obtain 
collateral bundles. 

-r displaying the structure oi 
the three directions, transverse, 

^ eases section 
organ are instructive; hut 
in observing all their relations, t 

cases examine fully the eharaetcr of 

Ihe student should not be sati« 
a clear interpretation of all the j 
meets in a given bundle. Ifthestr 

the sections already pre 
d carefully compared wif 


For the demonstrai 
bundles, seedlings of 
material : Bean, Indian 
roots of tliese plants 
which the strands 
while from their 
the bean, castor-oil 
illustrations of 

The sections for 
best made in r : 
and vertical-radial, 
the axis of the 
exercised 
misleading. 

In all p 

(see 212). -] 
less than a clear 
which he 

IS not revealed by 
should be made a, 


'f th(' fuindle.s are 

vertic.al-taiigeiiiinl, 

I made ofiliquely to 
Uiless gnait (..jiV j,. 
icy may be raflu;r 


FIBEO-VASCULA'E BUNDLES. 
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witli the figures in Fart In order to identify some of the 
striietiiral elements composing a bundle, it is sometimes advis- 
able to resort to cautious maceration (see 70), so that the parts 
ma\' be isolated. It has been found advantageous, in a few in- 
stances, to veiy securely fasten the section under examination to 
thin rubber membrane by means of the best rubber ” cement 
or marine glue, and then subject the membrane and section to- 
gether to the action of the macerating liquid, great care being 
exercised to have the process gradual. After the maceration is 
complete, the membrane is removed from the liquid, washed, 
and then slow!}" stretched until the adherent wood-elements are 
somewhat torn apart. It will be observed that b}-- this method 
their former relations need not be greatly disturbed. 

After examining the flbro- vascular bundles in the seedlings 
above named, proceed to the study of the bundles in the roots, 
stems, and leaves of two adult herbaceous plants, for instance 
Indian corn and Bean, in order to ascertain what dilfereoces, if 
any. exist in the composition of the bundles in a given organ at 
dillerent [)m'iods of growth. 

It was stattnl in that the simplest form of a fibro-vascular 
])undle consists of merely a few tracheal cells (or sometimes tra- 
chi‘ie f together with some crihrose or sieve cells. The student 
shouhl sean*h for tracheids, which may occur disconnected from 
any bundle ; as for example in the stems of species of Sallcornia 
(a seaside plant of succulent texture), and in the petiole and 
pitchers of Xepiuithes. Tracheids occur also, often in a con- 
tinuous layer, as a sheath of the aerial roots of orchids. Sieve- 
tubes may l)e looked for at a little distance from the bundles in 
tile stems of potato and tobacco, where they occur in the periphery 
of. the pith. 

Tw’o supplementary studies are strongly advised: (1) of the 
bundles in ferns, (2) of those in aquatic plmiogams. In the 
former, ‘■^ concentric” bundles are met with; in the latter, rudi- 
iiieiitaiy bundles. 

II. COITESE OF THE BUNDLES. 

The course of the fibro-vascular bundles can be traced in some 
cases, especialfy in young and rather jnic}’ stems, like those of 
Impatiens, with little no difficulty ;.l)ut it is generally . iieees-, 
sary to treat somewhat thick sections of the stem under ex- 
ainination by a macerating liquid,, for instance potassic hydrate, 
after wdiich the course can be made out. In most cases the 
course of the bundles can also be made out by series of sections 



jBade at .different points' in the' organ,; care being, takta to arr&iiffe 

the sections in their proper sequence. 

The following material will be imefiil Ibr praclk^e In 
mination of the coorse^of the bundles : young slis.i()t.s of (lenmlis 
Vitis, and Idiaseolus' (all dicotyledons); and. after shoius 
of Spiderwort, the rootstock of Coiiviillaria (Lily of the Ihilhn i* 
Smilacina, and if possible the biiil of a }*ouiig palm. 

'The course of the bundles in leaves ancf drv'"friiii^\*.in be 
easily demonstrated by - skeletonizing tlieim *'tIiIs Is eliecled 
by keeping the leaves for a long time in a dilute soliilluu of 

calcic hypochlorite (see 50). 


DEVELOPMENT OF THE ELE.^IEKTS, 

This must be examined in the youngest seedling 
now spoken of. The sections must be ihroiiglj 
points, and should be well cleared by one of the 
scribed in IG or 24. For the deveiopmoiit of Him 
elements, for example latex-cells, see Part 1, 


HISTOLOGY OF THE VARIO'US ORGANS. 

I. The Root. 

may use, for demonstratic.ii of the histology 
the loot-tip, any seedlings which have iwen grown «>ither in wa 
or on a clean support, and are therelbre free from grains 
eaith Root-hairs are best examined on seedlings sprouted ur: 
moist sponge or bibulous paper. ^ 

IL The Stem. 

seoHob'^Sl?'* prepare, in addition to f 

sections of stems previously examined, sections through two a 

hree jeai old shoots of any common dicotyledon, and note 
differences which exist between the diffe.xmt woo.lv eleme. 
foimingthe rings, and all changes in the bast. The <Towtli 

r^” “ '■« i. tte y~ 1 ” ' 



III. The Leaf. 

The leaf presents few difficulties iu histological manipulation, 
•For all necessary details consult pp. lo5~164. The following 
plants afford excellent material for study : . — , ■ ^ 

l,)f the centric arrangement of parenchyma in the blade, Trit- 
iciiin viilgare, Acorns, and many of the Cactacem. 

Of the bifacial arrangement of parenchyma, many plants with 
iat horiziontai leaves. 

I¥, The Flower. 

It is assumed that the student has thoroughly familiarized 
hiiiiseif w^ith tiie morphology of the simpler flowers as explained 
ill Voiiirne I„ and has acquired some facility in examining, as 
there directed, tliose of more complicated structure. 

The study of the microscopic anatomy of all the floral organs 
111 their adiilt state should precede any attempt to examine their 
development. Since the flowmr should be examined in qU stages 
of its development, it is well to select for study only those flow- 
ers which can be readily obtained in large numbers, and further- 
more, by iireference, those which are not thickly covered with 
hairs. The common weeds Lepidium Virginiciim and Capsella 
Bursa-pastoris afford excellent material lor the study, of the 
flower and its development, and have the signal advantage of 
being mucli alike in the most essential respects, yet possessing 
minor differences w'hich are not likely to be oveilooked. 

An exliaustive examination of the histology of the organs of 
the flower should begin with the study of the sepals, the other 
organs being taken up in their turn, and the tollowing points 
receiving special attention : (1) the possible occurrence of stom- 
ata upon all the parts of the blossom; (2) the peculiarities in 
the proper epidermal cells of the petals ; (S) the character of the 
parenchyraa in all parts of the flower, and all differences in the 
nature of the cell contents, notably the plastids ; (4) the charac- 
ter and the distribution of the fibro-vascular bundles in their 
course from the pedicel to their ultimate attenuated ramifications 

in the several organs. . / 

Stamens. The character of the pollen demands special atten- 
tion, and its examination should be followed by a comparison 
between as many kinds as^ possible taken, from: various flowers, 
The character of the integuments and the contents of the grains 
should also be. demonstrated. 


LEAF ,AHD FLOWEB. 







STUDIES m HISTODOeY. 


Y. Development of the FLr)WE,E, 

FroiB the 3^oiingest flower- c*ias ter of any plant having iiMlc^er- 
minate inflorescence, for instance that of Lepkiliiiii or ('apbiflla, 
cut squarely ofl' a short piece' of the ti|)* place it on a glass slide 
in. a little alcohol, in order to remove tiie air, ami c*over with 
thin glass. (If the student has an air-puiii|i, tim spt*(*iiiieii can 
be. placed at once in water on. the slide, ami then siihji‘rttHl to 
the action of a partial vacuum, wliicli will of course free the 
whole preparation from aiyv air-bubldes. ) After tlie air lias 
been removed, add water, and if tlu^ s|HsinH‘ii requires citairing, 
as is' usually the case, some potassa. C)ii gtailly warming the 
slide the specimen ; will grow somewhat darker, hut nflm’ a lime 
will be made tolerably clear. If not, pDiwH'd as dire«*UMl in *io. 
The specimen, if a good one and well prepared, ought to sliow 
all the relations of the several .flowm\s of tfie cluster to cacli 
other. Prepare a second specimen hy removing tin* llowers in 
succession under the disseetin.g lei is, heginniiig with the iargeia 
and placing them in .a row winch will comprise* all tin* stages of 
development. 'With 'the material thus oliiaiii(‘«L wliirli it is well 
to keep moist with glycerin, the ■examination of all iliii dilierent 
■parts, can he ' successlulty carried' out Tiie st.iidy 'mill he far 
more instructive if the student makes a pjiralle'l staies witli an 
allied species. -Comparison of the two' species aliove 1111*11 tioiied 
show^s exactly when and where some of the parts are arrested 111 
development, 

'. YI. Developmekt of the Pollen. 

The examination of the anther for this stiitty should begin at 
.a'very early stage in the growth- of the flower, and parliiniiar 
attention should be given to the cells which line the polk*!! cavi- 
ties.,' Great advantage is gained from tlie skiifii! eiii|)loyim*iit 
of staining agents,,, by .which the parts are brought out more 
clearly (see 77 et seq.). All changes io the charmder of tlie 
:,niiele.us, of the grains ''during their d'ifferentiation deiiiiuid for 
their identification the 'use of staining agents witliont tlie pre- 
vious application of potassa. 


The|)Wi 5 t 7 requires little special study, except in rt^gard to its 
development. It wdli be well to examine the coiidiiclivt* IIssik* 
of the. style and trace it down to the ovarian wullh, | Other 
minute matters connected with the stamens and pistils an* c*oi}- 
sidered under ‘‘Fertilization.”) 


STEUCT0RK OF THE SEED. 
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Vil. Deyewjpment 'OF Ovules.' . . 

In this examination tlio wall of the ovary must be removed, 
and the minute eiiiinenees which are to become the ovules ob- 
si'i-vi'il in their I'urliest stage. The successive external procluc- 
tiiiiis which are to hecorae the integuments of the ovule should 
ho traot'd with great care. It is also w-ell to examine minutely 
the changes in form of the embryonal sac in the nucleus (or 
nucelliis ) of tlie ovule. These will be further adverted to under 
“ Fertilization.” 


VI U. Minute Stkdotuke of the Seed. 

Since in tlie previous exercises some parts of the seed have 
been already examined, it is necessary here merely to call atten- 
tion to the desiraiiility of studying the character of the integu- 
ments in at least two common and a few' exceptional cases. 
For tlie formin', no seeds are better than those of the common 
lleaii, I’ea. or Ijiipine. After a clear idea has been obtained of 
the nature of the cells which compose the greater part of the two 
integument, s, tlie student should make careful sections through 
the liihim in order to display the peculiar sac-like body there 
seen. For the exceptional types of integuments, examine the 
seeds of Flax (showing the gelatinous modification, etc.), or 
hotter, if they can he procured, the seeds of Collomia and Cot- 
ton. It will he well also to examine the closely united ovarian 
and ovular coats in the common grains, like Wheat or Indian 


The student should examine as many seeds as possible, includ- 
In"- those containing much, little, and no starch, and observe also 
whether or not there is any difference between ripe and unnpe 
seeds in the amount of starch which they contain. He should 
examine the contents of the cells nearest the integuments in any 
of the seeds above mentioned, and ascertain the relative amount 
of albiirainoid matters present compared with those m the cells 

ill tlie interior of the seed. ■ ' . ' - ■ ^ 

Further microscopic examination of the seed is to be taken up 

'when gcrniiiiation is studied. ■ 
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STUDIES XH PHYSIOLOGY. 


. .PRACTICAL- EXEECISES IN VEGETABLE 
PHYSIOLOGY. 

This coii.rse of -expenm-eots in Vegetable Plivsioktgy is (llvitli'il 
into two parts;, the. first series eoiiiprises a few exercises wliich 
can be undertaken by am’ o.ne having only the Biinplest appli- 
ances ; the second requires more eoinplieateil uppiinitiis. llie 
first series, if faithfully and inteiiigenily followed, should p!ac*e 
the student in possession -of the leading facte regiircliiig the prin- 
cipal activities of the plant ; wiiile the secsoiid series slioiik! ac- 
quaint him with the chief methods employed for tlie liivestigatioii 
of the special offices of the organs of the plant, and fix the 
principal results in his mind. It should, however, lie frankly 
stated that for the proper and sattsfacUay perforinaiHx.! of the 
experiments detailed in this secoml or special series tlie student 
should first become familiar with tlie ordinary iindhods of eliimii- 
cal and physical manipuiatiori, and have at eoimiiand tlie fmida- 
mental principles of chemistry and of physics, 

■ FIRST SERIES. 

In this series are discussed experimentally the following car- 
dinal topics: (1 ) The behavior of protoplasm in a living cell; 
(2) The gain in substance by assimilation and the Iokh of sub- 
stance by grow^th: (3) The chief conditions iincler wliich plaiita 
assimilate ; (4) The dependence of the |)rineipai aetivitk^s of the 
plant upon certain external conditions. 

The experiments can be conducted - with the following ap- 
pliances : — 

1. A small balance with: weights ranging from twentv' grams 
to one centigram. If a balance is not procurable, ordinary iiand- 
scales with horn or brass pans will answer veiy well. * 

2. A water-bath,.; or in place of It a small pcu'celain-linccl 
kettle of one oictwo pints capacity, fitting into a. larger iron 
kettle. ater placed in tlie larger kettle prevemts flit* inner one 
from being heated above the boiling-point of water. 

3. Half a dozen test-tubes. 

4. Three or four pieces of glass tubing, six inches long. 

5. A small camefs-hair pencil, and India ink, 

6. Pieces of, colored glass- or colored gelatin (red, j'cllow,, 
green, blue, violet), six inches square or iargtu’. 



MOVEMENTS OF FEOTOFLASM. 


For the first stmly, the examination of protx>plasm, a micro-, 
scope magnitying from two hundred to six hundred diameters 
will he required, together with a small outfit of slides and covers ; 
and for the examination of growth a zinc box constructed as 
directed in Dependence of Growth upon Heat.” ' ' 


I. The Behavioe of Protoplasm in a Livino Vegetable Cell. 

For ail necessary details as to the chemical reactions of proto- 
plasm, see 124: and the exercise on page -8 of this “ Praxis/’ 
At present it is proposed to call attention to the various 


Movements of Protoplasm. 

(a) Hater kiL The delicate hairs from the young leaves of 
almost any pubescent plant will serve for the demonstration 
cif iliese movements, but the following are recommended on 
account of their abundance and excellence; stamen-hairs of 
JSpiilcrwort (Tradescantia), hairs from the young leaves of 
squash and nettle, and from the velvety leaves of many culti- 
vated exotics, 

{h) PreiKtration qf specimens. Remove by needles, forceps, 
or scalpel a very little of the epidermis with its attached hairs, 
and place it at once in a little water on a glass ^ide. In placing 
the thin glass cover on the specimen be careful to exclude ail air- 
bubbles and not to crush the cells. If necessary, put a fragment 
of glass under one edge of the cover, to lighten the pressure on 
the object. If the hairs are suitable for the examination, the 
delicate threads of protoplasm ought to be distinctly seen through 
tiie cell-walls, and, after a little time, a movement of translucent 
granules should be seen in them. If, after a few moments, no 
movement can be detected, warm the slide a little with the hand 
and again observe. If no movement should now be seen, add 
to the water on the slide a little dilute glycerin; this causes 
slight contraction of the protoplasmic lining of the cell, and 
probably the movement can then be observed in the threads. If 
not, do not waste time over the specimen, but try a fresh one. A 
power of 200 diameters will answer for this work, but one of 500 
is better. 

(c) Questions to be ansicered by the specimen. If the student 
has secured a good preparation, in which the movement of gran- 
iiU^s in the threads can be seen distinctly, he can easily answer 
tlie following queries : What is the rate of motion of the gran- 
ules at the temperature of the room ? Do the threads remain 



unchanged in shape? Do anj- granules pass from one cell to the 
next 006? ^YhcrG is tli 6 iiiotioii itistesi l 

■ While the observations are in progress, be caret ill not to allow 
the preparation tO'' become dry: add a little water ocTUsioiially, 
and note whether the rate of motion is im^reased or tUiiiliiislual 
for the next minute or so. 

(d) Questions to he miswered hj eiqyerimeid. ^(11 hat^ctfeet 
upon the rate of protoplasmic movement dcH‘S inercaise oi tein- 
peratiire produce? 

in order -to keep the slide with the specimen, prepared as 
: above, from' totiching the metallic stage of the iiiicroscoi^e, i)iace 
imd^r each end of it a piece of thick pasteboard, and I hen elami> 
it down firmiv by means of the stage-clips, so tliat^ H eaiimjt 
be easily dispiaeeli. After the slide has been in position for a 
lew minutes, note the rate of movement la' the grannies at the 
ordinary temperature of the room. hen this has luarii accu- 
rately determined, place near the specimim, on iht* sllflc. a ^ coin 
or other small piece of metal which has lu'cn Inmled in 40 ( ., 
and note the change of rate. Afterwa]’<ls apply more autl uku’c 
heat by a second and a third application ot the win. htmled eaeii 
time higher by immersion in hot water, and noli* the* result. Oi 
course this very simple method of exi,H‘riment<lo<*s not allow nine 
to determine the exact temperature to which the spt>cimi‘!i Is 
heated, but its temperature is only a little lower tlian that oi tlie 

coin., ^ ^ 

For exact experiments employ the a^pparatiis described in 

, 557 or 558. 

(2) What eheet upon the rate of movement does a decrease of 
temperature cause? 

. Prepare a fresh specimen as directed under (5), lower the tem- 
perature of the vslide by the application oi a coin wliicLi lias been 
immersed in ice-water, and note all changes in the rate ot move- 
ment. vStill lower temperatures are easily secured by placing in 
a small copper cup on tlie slide (an ordinary copper eartridge- 
shell answers very well) a mixture of ice and salt. 

If in either of the preceding experiments the motion of the 
. granules has been arrested, endeavor, by reversing the applica- 
tion, to re-establish movement :■ thus,, if the movement was ar- 
, „ rested at the higher temperature, apply cold ; if it was arrested by 
cold, apply heat. 


ASSIMIIiATION AND GROWTH. 
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IL Till Gain IN Substance by Assimilation, and the 'Loss of Sub- 
stance DURING GkOWTH. 

Select a number of beans (AYindsor, , Horticultural, Lima, or. 
wliite), of nearly the same size, weigh ten of them, and dry them 
carefully in a water-bath to ascertain the amount of water which 
they contain. Take two other lots of ten each, weigh them 
CJircfiilly, plant them on moist Motting-paper or wet sponge, and 
keep them in a warm place until they have sprouted. 'When 
the beans have fairly started, suspend them over the surface of 
water, with their roots in it, as directed in 669. From this time 
on, keep one set of the seedlings in the light and the other set 
in the dark, being careful in each case that the water is supplied 
in suffieient quantity to make up for all loss by evaporation, and 
that it is changed every third day. Let all the conditions under 
■which the two sets are cultivated be as nearly alike as possible, 
W'ith the single exception that light is present in one case and 
completely absent in the other. In a couple of weeks the two 
sets of seedlings will have become large enough for further 
study: the set grown in the light will be green and thrifty, the 
others may be as large, but they will have a yellow, uuhealth^^ 
appearance. Remove the two sets from the water and carefully 
dry them separately over the water-bath as directed in the ease of 
the seeds. When they do not further lose weight, weigh carefully. 
Compare the weight of the dried seedlings with the weight of 
the dried seeds. 


III. The Chief Conditions of Assimilation. 

In the examination of these, repeat with great care the experi- 
ments detailed on page 305. 

IV. The Detendenoe of Growth upon Heat. 

This may be shown in the following manner: Take a sheet oi 
tin or zinc about 6 or 8 inches in width and 24 inches in length. 
Turn up its ends at right angles 6 inches. Turn them once 
more at right angles, rather less than half an inch at the top 
and two and a half inches at the bottom. This last to will 
hold a sheet of glass which wiU form the fourth side of a box, 
narrower by two inches at the bottom than at the top ; that is, 
the glass side mil not he vertical, but mclmed. 
of wire-gauze of the right size for the bottom, and ^^thei solder 
or rivet it in place. Fill this box with well-moistened ^sawdust. 
Plant a row of six or eight large Windsor beans m regular order 
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in the sawdust, near the glass side, so that the tip of each radicle 
will start down about one fourth of an indi from It. ^ If the glass 

is properly inclined) the radicle will c|uickl\ pi css itsc"!! against 

it and thus be .the more readily seen and stiidieii in its snihse- 
quent growth. ' When the radicles are about two in 

length, withdraw 'them, and by the aid of a fine camerKdmir 
brush and India ink mark them off with precision at ivgular 
intervals of one or two millimeters, then place each in the stiine 
place and' position from which it was taken. It will be foimd 
that only their tips grow ; the marks above the tips reniaiiiiiig 
the same distance apart. 

Put a thermometer in the sawdust in order to observe the tem- 
perature, upon which it will be found the rate of growth depends. 
Place the seedlings near the stove or over a n\gister where the 
temperature of the sawdust can be gradually raiseal to troni 28 
to 30° C. Having previoiisl}’. measiinal and noted the exacd 
length of .the radicle of each plant, observe its increase, wh,ik‘ 
tlie'^temperature remains constant, for a given |>cri«id of say IVoin 
five to ten hours. Next- place the case contaiiiing seedlings 
in an improvised ice-chest (aiyy box wiiic!.i can be well closei,! will 
answer), and when the temperature has been reduced to 10 ’ 
or nearly that, measure the roots cartdully agaim Hold this 
degree of cold as nearly constant as possihk^ for live or 1cm hours, 
whichever may have been the pe,riod of time in tlic^ first case. 
Compare bhe growth in the two periods and noici the diirerencc. 

SECOND SERIES. -^.S.PKCI.AL BIXPEKiMKNTS. 

■ I. Diffusion. 

Place a tumbler containing an inch or tw^o of pure w^ater upon 
a firm shelf where it will not be subject to any jarring, and ptit 
in it a vial filled to the brim with some eoioi*ed li(|uid. for inslaiici.* 
blue or purple ink. Then by means of a tiibt* or thlstlc-fiiiimd 
resting on the bottom of the tumbler pour into tin* tuinhlcr 'water 
enougir to come up to the mouth of tlie vial, and very canitioiisly 
add more until the. mouth is covered to a depth ol* about an Inch. 
If the pouring has been ■ skilfully done, there wall i)c scainafiy any 
of the ink mixed with the simDunding winter. iw‘t Ihi^ apparatus 
stand undisturbed for a week or so, and note any ihanges in the 
color which may he observed from day to day. 

Tr}^ the same experiment' with a saturated solution of common 
salt in place of the 'ink, and' at intervals of three clays cautiously 
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remove a little of the water from the bottom of the tumbler by 
means of a small tube or pipette, and test it for chlorides. 

n. Osmose. Diffusion through a Membrane. 

Scoop out a small cavity in a fleshy root, for instance that of 
a carrot, and carefully dry it with a cloth. Then fill it with fine 
sugar, and let the root stand in some place where it will not 
be disturbed. Note any changes which take place in the sugar 
and in the condition of the root. By comparative examinations 
of the tissues removed and those remaining, ascertain whether 
any of the sugar has entered the cells. 

i'ie a thin, sound piece of parchment paper (or, better still, 
parchment) over the mouth of a thistle-funnel, and fill the bulb 
of the funnel with a strong solution of common salt. Then sus- 
pend the funnel in pure water, so that the level of the water 
outside corresponds to that of the brine inside, and keep the ap- 
paratus in a warm place, noting any change of level of the liquid 
in the funnel tube. Try other substances in the tube; for in- 
stance, dilute potassic hydrate, concentrated potassic hydrate, 

syrup, and dry powdered gum-arabic. 

Carefulh' examine the upper sui'face of the leaf of Lilac, Olean- 
der, or Kc'hcveria for the presence of stomata, and if none are 
found, malvc the following trial with a good, sound, young leaf, 
being curerul to see that the plant is well watered. Put a drop 
of water on the upper surface of the leaf, and dust upon it 
either finely powdered sugar or salt, until the drop has taken 
up all it can, and the mass looks nearly dry ; then blow off the 
residue, and cover the leaf or plant with a bell-jar. Keep it in 
a warm place and water well. Observe in the course of a few 
hours, and at frequent intervals during the next four or five days, 
any changes which the spot of sugar undergoes. It is a good 
plan to prepare several such spots with difiereiit substances. 


III. 


Pellicle Precipitates. — Traube’s Artificial Cell. 


Dissolve 5 grams of pure potassic ferrocyanide in mO cubic 
centimeters of pure water. Place some of the solution m a test- 
tube having a foot, and drop into the tube a small ° 

moist chloride of copper. Observe the changes which take place 
in the shape of the film which instantly forms around the fia^,- 
ment. Trv the same experiment with a saturated solution_ ol 
potassic ferrocyanide, and afterwards with solutions containing 
respectively 1 and 10 per cent of the ferrocyanide . 


1 





24 STUDIES IH PHYBIOI.OGY. 

Wliat effects are prodiieed. when a snlutioii of potassic ferro- 
cjanide is shaken' np, with a solutioii of copper c*li!oii(lc‘^r 

The pellicle precipitates can be further as iliiv<*tcd on 

page 226. Calcic chloride and sodic carbonate can hv eniployeil 
in the examination instead of the sui)staiices ilua’e UMaitlomHL 

■ IV. Pfeffeil’s Artificial Cell. , , 

Repeat Pfeffer’s' experiments (page 227), with all tlie pnH„*aii» 
tions there advised. 

In every case where a manometer, or pressure-gauge, is to be 
used, corrections must be made for temperature and lor l>aro- 
metric pressure according to the directions given in such works 
as Bunsen’s “ Gasometry.” 

V. Absortticx of Water. 

Aloisten one side 'of a perfectly Hat. thin piece of hard wood, 
for instance the holly-wood used for scroll-sawing, and note 
any change of form which occurs. hat eliect is produced by 
moistening, in the same way, the otlier sidi^. of tin* wood? 

Fill a strong stone bottle witli large dry schhIs of known weight , 
for instance beans, and put it in a ptiil of water so that tlie 
water can pass into its mouth. If tlu‘ bottle slmidd break in a 
few hours, remove quickly with blot ling- pa pin- all the outside 
moisture from the seeds, and determine their increase* iti wilght 
due to absorption of water. 

Place a thermometer bulb in a tumbler half full dry starch ; 
slowly add to this water of exactly the saiiU‘ tempei*ature, ami 
note any change of temperature which accompanies the absorp- 
tion of the water by the starch. 

Weigh a fleshy root, and carefully dry it in a water-bath, to 
determine the amount of water which can be expelled at 100'-'' C. 
Then raise the temperature of the root to sonuevhat abo^'c 
100° C., by carefully heating it in a sand-bath, and observe any 
loss of weight. Determine also the amount of water (‘ontained 
in a fibrous root of Indian corn, a small woody stem, ^^Iry ” 
wood, leaves of Indian corn, Begonia, and Seduin, the pulp of 
an apple, grains of wheat. 

After the above 'substances have been thoroughly drl(‘d and 
weighed, „ immerse them in water for one hour, wi|.)c‘ IIkuii as dry 
as possible by means of blotting-paper, and weigh again. How 
much water can .each absorb in , one hour? In like inaiiiier as- 
certain how much they will absorb in ten hours and in t.wenW- 
foiirliours. 
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VI. Hoot-Absorption. 

Eepeat tlie following experiments by Ohlert : — . 

Cut off the so-called spongioles,.tbe very tips of the roots of 
sound seecllings whicli liave been cultivated for a few. days upon , ' 
moist sand or sponge (or, better still, with all the roots in winter) , 
and cover the wounds with asphalt-varnish. The wounded end 
of the root must be quickly dried with blotting-paper before the 
varnish is applied. Then put the roots of the plant again upon 
their moist support or in water, and endeavor to answer by care- 
ful observation the question : Does or does not the plant absorb 
enough water for its needs without the spongioles” ? 

Cultivate seedlings of one or two plants, for instance radish 
and wheat, upon (1) rather dry sand ; (2) moist sand ; (3) wet 
sand, or upon blotting-paper of these three degrees of moisture,^ 
mid notice if there is any appreciable diherence in the number of 
root-hairs produced. Gan the development of the hairs bedn- 
ereased by increasing siiglitly the temperature of the support? 

VII. Boot Pressure. 

Cut off squarely the stem of a young dahlia or sunflower well 
rooti.Hl in a liower-pot of moderate size, and to the stump fasten 
immediately a T-tube, with its pressure-gauge as directed on 
page 231. AsiHUdain tlie pressure showm by the mercurial gauge 
at intervals ol' an iiour, and determine also the eflect of chang- 
ing the temperature ot the soil in the flowei-pot. 

Ylli. Stem PiiEssiTKE. 

Apply a pressure-gauge to the cut stem of some woody plant 
well established in a llower-pot (for instance, a strong rose), and 
ascertain the amount of pressure exerted by the sap. 

In the winter time or early spring try the experiments referred 

to on pages 264-267. ■ 

IX. Transfer of Water throxtgh Stems. 

Repeat De Vries’s experiments described on page 268. For 
these, stems of sunflower and tobacco answer very well, while 
those of heliotrope are not very good. Ascertain the height to 
which a color (as anilin red) will rise in the cut stem of a young 
woody plant under different conditions of warmth, exposure ot 
the leaves to light, etc. Repeat the experiment wity a strip 
ot blotting-paper, described on page 260. Try the foregoing 
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with the substitution of. a salt of lithium for the dje, and deter- 
mine the rate of ascent, ' ' 

It will be well fot' the student at this point to re\iew (%arefii 1 l 3 ’' 
the principal facts regarding the amount of mofstiire which I he 
atmosphere ean/take op at different temperatures. In all Iraiis- 
piration experiments he should determine the peretmtnge of 
moisture in the atmosphere to whicii the leaves of‘ the plmils 
are exposed, and .for this purpose tlie well-kiio\ui Ilvgrocleik, 
or -Hygrophant, maj be eraplo^md. But if only the simple wet 
and. drv thermometer bulbs are at hiind, the st intent emi find 
all necessaiT data for Ms eaicolations in tlH‘ tables piibiishetl by 
the Smithsonian Institution. 

Place In a watch-glass under the mi<*rosco|')e wtater containing 
finely powdered indigo, and . immerse In It the elcaii-ent snrfai/e 
of a lea.fy shoot Observe in which direction the indigo particles 


.X..^T^AXs:^KV^IOK, OE Ex.nAnATiox« 

Repeat the following experiment (hwised by f!cns!ow : “ Take 
six or eight of the largest, healthiest leavi^s you can find, two 
tumblers filled to within an inch of tlie top with water, two 
eiuiity dry tumblers, and two pieces of card cacti large cuiough 
to cover the mouth of the tumbler. In tin* niidflle of each card 
bore three or four small holes just wide eiioiigli to allow tim 
petiole of a leaf to pass through. Let 1hc‘ |)cUio|rs hang siiflb 
eiently deep in the water when the canls arc put upon the tum- 
blers containing it. Having arranged iiiatterH tliiis. turn the 
empty tumblers upside down, one over each <ainl. sc? as to cover 
the blade of the leaves. Place one pair of tumblers in the sun- 
shine. the other pair in a shady place. In live or ten minutcB 
examine the inverted tumblers/* 

Tie a piece of thin rubber-cloth around the l!ower-pot and 
lower part of the stem of any young leafv lihiiit. and weigh the 
whole upon a common balance capable of turning with a, deci- 
gram, under a lead of two or three kilograms. If mUhing btUter 
can be procured, one of the best forms of small platform l>nianee 
will answer. A thistle-funnel should be tical up with flic stem, 
so tliat water can be supplied to the plant as required. Asc(U’- 
tain the amount of transpiration from the* foliagf^ ilu' plant 
during twenty-four hours under the following conditions : ( I ) at 
a temperature not falling below 60'" F. (about Hf" (h) ; (2) at a 
temperature not rising above 40° F. (about 4° CL). 

What is the loss of moisture in one hour under direct exposure 
to the brightest sunlight? Note temperature and moisture in the 
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XI. 1Lx:T1UVASATIOX FROM LExVVES. 

Cover a yoiiiig iiealtliy plant of Indian corn or wheat with a 
beil-Jar, being careful to keep it warm.. If, after.' a little time, 
a. di’op of water should appear at the tip of any of the. leaves, 
remove it by blotting-paper, and replace the beii-jar. What is 
the lowest temperature at which wuiter is thus given off by young 
leaves ckI:' the alKnx-4:)Iants? 

If a young Caladium is at hand, examine the tip of the leaf 
tbi* the jet of water (page 268) which can sometimes be seen. 
If the |,)lant is a suitable one, and the jet can be seen at all, 
ascertain the lowest temperature at which it is .ejected. 

XU. Incombustible Matters in the Plant. 

Burn upon platinum foil (free access of air being permitted), 
kjiown weights of the following substances, and w’eigli the ash 
left in each case: (i) oak-wood, (2) pine-wood, (3) a young 
leaf of any plant, (4) a much older leaf of the same plant (for 
instance raspberry), and (5) some grains of Indian corn. 

if no platinum foil is at hand, bum the substance in a bard 
glass tube open at both ends and held slightly inclined in the 
tlaine of an alcohol lamp or of a Bunsen burner. If the glass 
tube is used instead of platinum foil, weigh the tube and the 
substance together before heating, and afterwards weigh tube 
and ash together to obtain the difference in weight. 

XII L Examination of the Ash of Plants, 

If the studimt has facilities for conducting qualitative chemical 
analyses, he wmuld do well to examine the ash of the following 
plants: Sugar-beet,. Buckwheat, and Oat. . ■ ^ ^ 

If he lias had sufficient practice in quantitative chemical 
analysis fo warrant it, an examination of the ash of some one 
of the plants which have been spoken of in 664 and 665 would 
form a useful exercise. The investigation of the ash of a single 

■species at different seasons is recoramended. 


air. What is the effect upon transpiration' of placing the flower- 
pot in some crushed ice, the temperature of the ^ air remaining 

about the same as before? 

Determine the mioimmiL ina.ximum, and optimum temperature' 
for transpiration of any suitable herbaceous plant, for example, 
a Fclargoiiium (House G-erankim). 


28 


STUDIES IN PHYSIOLOGY. 


XIV. WATBil-CULTUilE. 

In the study of water-culture no plants can be more easily 
managed thai-r buckwheat -and Indian coiu. Secure good secab 
lings, and treat them as described in (bin, AlYer the phaits 
have become well established in their new hUiToundings, use for 
the nutrient li(|iiid the following solutions in a lixed oiclei, and 
with the precautions laid down on page 24 1). 

L Well-water, or other drinking-water. 

2. Distilled water with potassie nitrate. 

3^ 4k ■ . 4 4 chloride. 

4/ , 44 4 4 ; ■ . 44 i^agnesic sulphate. 

5, 4 4 4 4 4 4 calcic chloride. 

0^ 44 44 4 4 .. sul|)hate. 

7, . ' 4 4 4 4 4 4 poiassic phosphate. 

8. Nutrient solution I. ( 672)» 

, 9.. “ 11. (078). 

10. Distilled water alone. 

XV. Asstmilattox PuorEE. 

Chlorophyll and other color I^^Iake a solution of 
the pigment by placing bruised leaves of grass in strong ulcthmi 
for a few hours, and keeping them trom the light. It is wi-ll to 
prepare at least ten ounces of the strong extract, which ('Un be 
used in all the following experiments. 

Examine the color of about an ounce of the above extract lield 
in a small vial. What is its color by transiuittcd andi by n*- 
flected light? In the latter examination it is bcttm* Xu throw a 
strong light from a burning-glass or double convex lerns iip«.)ii the 
surface of the liquid. How long will the liquid kee}) its color in 
the strong light? 

Treat, as directed in 774 , one ounce of the extract wlncli has 
not been exposed to light, and place the turhiil mixture* aside in 
a dark place until it becomes clear. What are the coh,>rs of the 
n})per and the low'er layer into which it se[>ariitt‘s? 

If a microspectroscope is available, make on paper pnqec.uitnis 
of the spectra of the following substances: (1) (fhiorophyil solu- 
tion. (2) the upper layer of the liquid just mentioned, and (2?) 
the low^er layer of the liquid. Examine also the spectrum of a 
thin green leaf. ' 

. If possible, examine- the colors, of ■ autumnal lcavi‘8, mid of . 

alcoholic extracts from colored flowers and colored iVuiis. 
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Place a few rod sea-weeds In pure water, and let them remain 
there for ten hours. What is the color of the water by (1) trans- 
mitted light? (2) by reflected light? Extract the coloring-matter 
of red sea-weeds by means of alcohol, and compare the alcoholic 
with the aqueous solution. . 

What is the color of an alcoholic extract of the hrmsed tissues 
ufWonotropa unitlora? 

Keep seedlings in a warm, darh place nntd they 
have lost their green color, and then, having removed some of 
their leaves for immediate examination, place the plants, with the 
reniaining leave.s attached, in the light. Make alcoliolie extracts 
of the blanched leaves and of the green ones, comparing them 
from all points of view. 

Examine pine seedlings grown in complete darkness, and ascer- 
tain tlie nature of the pigment which their green cells contain. 

find and assimilation. Compare at the end ol two 
or tlnvo weeks the dry weights of two seedlings grown under the 
following conditions : Both the seedlings have lurnished to them 
exactlv tlie same kind and amount of soil, and are provided with 
ciuiil ‘amounts of nutrient solutions at corresponding times , 
pith are placed under tubulated bell-jars, and have the same 
•unount of moisture in the atmosphere to which they are eM^osw • 
-n e ledling in one boll-jar obtains a supply of carbonic acid 
,ras since there is an opening in the jar through whi_(* the eii- 
S.sed air coinmuuioatos with that outside coiitauimg its noimal 

CrtanM »cia . ci.p “f 

sic hvdrate dei.rives the air already m the jar of all its eaibomc 
Teid and an open receptacle, filled with pumice-stone satu- 
rated ‘with potaLic hydrate, removes whh 

la.tu i ^ Qiae olant is thus furnished witli 

“Lgh ,.'S” 0.J.M .CM, ac other is i» » .tmo.phcre 

nirdifiStiin of the foregoing experiment, 
onaum of cariioilic acid in aqueous solution to the soil of the 

luroTthe 

of the jar, and after a few days compare 

*'‘ca^'a wLfr 

-mg a small amount ^ell-jar, in 
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aeid.i Later, double and quadruple the quantity added, and 
observe the effect produced upon the pltint. Experiment with 
different species of ferns and club ino-sses in the same iiiauiier. 
Observe in another series of experiments tin* etleet oC sunlight 
in modifying the influence of an excess of earbouie acid giis in 
the atmosphere. 

The meamre of assimikttim oMivity is to be foiiiifi either 
in the amount of pure oxygen evolved In .assiniliatioii, or iii tlie 
amount of carbonic acid decomposed in it. 

1. Determinations depending upon the amount of oxygen 

evolved: The gas which is 'given off during assinillatiorn espe- 
cially by water plants, is never absolutely pore oxygen ; but 
since it contains so small a pi’oportion of otlnn* iiiatlin's under 
most circumstances which the student is likely to the 

amount of it evolved inay.be taken safely as the nyprtKf Inode 
measure of assimilation. The method of ineasiirenient by 

ing bubbles emitted by ^Yater i>lanls in water (see Hi ‘I ) is always 
pracdicabie and easy of execation. The evolved gas can 
easily collected in any convenient inverted receptaeha If tlie gas 
collected and measured is analy^^ed (aidionielriciilly, ns dii* ‘dial 
in Bunsen’s Gasometry/’ the determination leave," iulie ti> he 
desired. 

2. Determinations depending upon the amount, of (mrhonic 
acid decompostal. To the air containeci in a. glass vc^ssel in- 
verted over mercury a known quantity of carbonic acid Is addefl. 
The plant previously placed in the rect^ptncle <lecoriiposes a part 
of this, and after a given time the amount decomposed is ascer- 
tained by measurement of the carbonic acid Unit remains. 

Effects of different (jases upon assimiiatinn, A lew |}L‘ints 
and two or three small Wardian cases, or, lietter, tapacions bell- 
jars, will answer for this study. Select only soi ml plants for 
examination, and be careful to iiave those in one bell-jar as nearly 
as possible of the same size and strength as those in the otlim's. 
Let the air in one of the jars be ordinary atim^spheric* aii* ; to that 
in the others add a known but small (iuantity of one of tlie fol- 
lowing gases ; namely, (1) common coal gas ; (2) sulpiitiroiis acid ; 
(3) chlorine. Compare the growth and vigor of plants rrt>iii 
time to time, and observe whether insolation makes an\' diHVe’enee 
in the appearance of the plants expose kI to the gases nimdieiied. 

^ In all cases where an additipiml amonnt of gas is iutroduc«sl inui a, hell- 
jar, allowance must he made in some w^ay for the possille increase of jHvssurc*. 
For the iipcessury cotrection in these cases, and for other details regardiitg the 
management of gases, consult Bunsen’s “ Oasometry.” 
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XVI. Eispiratiok. 

The measure of this process is usually found in the amount 
cariumic acid fiiveii oil' by plants. The methods of deter- 
iiiinnliim of this auiouut are, although apparently simple, open 
u, MUiic ..l.iections; but by the exercise of great care in the 
maiuarcnien't of the simple appliances, their results are in gen- 
eral irusuvorthy. ^ , 

The earlH.nic acid tvhieli is given off by the plant may be 
iiieiisnred ill one of the two following ways: (1) A current of 
•lir freed from all its carbonic acid by means of wash-bottles con- 
iainhc' polassic bvdrate is allowed to pass into a receptacle in 
wliieirare conlim-d the plants to be examined. The air with- 
dnwn iVoni this receptacle passes slowly through Liebig s potash 
hullK in whii-h are held a known amount of potassic hydrate. 
At the I'OHchision of the obsei^-ation the amount of carbonic acid 
whi.-h has been given otf l.y Ua plants and been taken up by the 
oulassie hvdiate in the bulbs can be accurately determined. 

( ■» 1 Tlie Current of air wliicli is withdrawn from the receptacle 
<-('nlaining the plant is permitted to pass very slowly through a 
long slighllv inelined tnl.e in which is held a solution of pine 
IrirTe !ivdrai,e. As the bubbles of gas pass through this liquid 
, • t u ; their curbouie acid, they cause an abmidant ,n-ecipi- 
Vition <.f llarie <.arlunmte in it. The second method, which m 
essentiallv tliat of 1‘ettenkofer. yields uniform results, and m 
hrjeuernl to be preferred to the first. It is better applicable 
to observations upon intianioleeular respiration ; in which, as 
mbilei out in DHL some gas like nitrogen or hydrogem whol y 
ivnm Hiw truce of oxvgeii, is allowed to come in contact with 
oKuts cn' parts d* plants,' and the amount of carbonic acid given 

obtained by idaeiug in the receptaek very joun,, seed » 
hn.Ye iiist begun to untold. 


neasnreinent of growth. Groi 
■d in the tliree following ways, < 
eiiiar instances: — 

ni’Hixurenient. Deterrain 
of young internodes of any rapi 
, yiorning Glory, by marking 
des info equal intervals, and i 
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the actual increase In distance between anj’ two or more lines. 
In all cases; mark the part under examination with good Jiidia- 
ink, making clear, narrow lines. To avoid any posslliie error 
caused by .inlinence. of. lines marked only on one side, make 
lines on both sides of a part whenever possible. To measure 
the growth of leaves, use the method spoken of on page loO. 

2. Measurement by a micrometer eye^ptece. 'With the tube 
of the microscope kept perfectly horizontal examine the posltioii 
of a line of India-ink, upon a perianth leaf of Crocus, or upon 
the root-cap of Windsor bean. Observe the space wiiieh the 
image of the line appears to pass through in a given time, and 
refer this to the previously determined values of the spaces of 
the micrometer. 

3. ' Measurement by am mdex, {a) On a simple are. For 
this use the simple and admirable modification of Sachs’s aiix- 
anonieter, devised by Besse^' (American Katuraiist). 

{b) On a recording drum. A slender lirass or sicH?l sliaft Is 
attached to the hour-spindle of a cheap clock, and from the shaft 
is suspended firmly a stiff pasteboard drum of about same 
size. This revolves with the spindle, and if well made is 
carried without any ap[)reciable vibration. A [>ieee of glazi*d 
paper of the size of the drum is moistened, and a little miicalagt^ 
placed on one edge, so that when the paper is rolkKl ariumd the 
drum, its edges can be firmly fastenecl togeliier. Be eareiul to 
have the seam in the paper so placed as to avoid any eatcliiiig 
of the needle index attached to the plant. Wlien tlie paper on 
the drum is dry, it is smoked lightly and evenly over a smoky 
turpentine flame. The needle at the tip of the index is no’w 
placed against the smoked paper so as to press lightly upon it, 
and, as the dram revolves, leave a clean mark. a sutll- 

ciently long record has been registered, the paper is carefully 
removed and dipped in (not brushed with) a solution of conimon 
rosin in alcohol, w’hich upon drying prevents any of the lamp- 
black from coming off. 

Two corrections are necessary with this simple api'iaratiis : 
(1) for the curve of the descending needle at the ent! of the 
.radius; (2) for any .changes in the position .of the needle caused 
by the varying amount of moisture in the air. 

, ; For recording temperature, it is possible to use a metallic 
..thermometer with .a .lo-og index,, and have the twTj records side 
...by side.;. ; It, is well,, however, to have the needle for the llier- 
;i]aometer give a different .mark in order to prevent any subsequent 
.confusion. 


MOVEMENTS OP PLANTS. 

The proper methods of examining the formation of new cells 
in a simple ease; are. indicated in the studies upon a stemen-hair 
of Triuloseautin noted on page 380. 

XVIII. MOVE.MESTS OF PLASTS. 

The student is advised to select some one plant in a vigorous 
condition and make a thorough examination of all the phenomena 
of movement which it presents. The plants named below are 
■uuou'»' the best for such an examlnatioii, and they can be made 
to grow even under rather unfavorable conditions, like those 

alibrded by selioolrooins. . 

f^pontmicoiis moeautents. Desmodium gyrans, the Morning 
< ilurv, or Hop. may be used. The first requires a high tem- 
perature and a fair amount of moisture in the air m order to 
exhibit its peculiar movements satisfactorilj'. 

Moaements fulloiding shock. The Sensitive plant (Mimosa 
imdieai should' 1 .e observed. It can be experimented, upon with 
virions kinds of irritants, both mechanical and chemical, at 
various temperatures, and under the influence of amesthetics. 
For the experiments with amesthetics only very yoiiiig plants 
.are suitable, and they cannot well be used afterwards for other 

investiffiitioiis. , t • u 

In tiie ease of all of the above plants note any changes which 
the leaves undergo during the day and at the approach of 

'"llie details given in 1045 sufiSce to indicate the general method 
of exa<r<^erating by means of slender glass threads the slow and 
sliedi irovements of plants, and do not need further treatment 
here. For observations with such threads, the following plants 
are very useful: seedlings of the Morning Glory, clover, cress, 

cabbage, and sunflower. 

XIX. Tension of Tissites. 

Make sections of young internodes as flirec^ boi; 

in<T in everv case accurate measurements of all the paits, noni 
lleloi e -uid nllr their separation. It will be well to examine m 
liive iinimer a large number of young roots, stems, leaves, am 
parts of flowers, noting in all cases the age of the part examined. 

XX. Insectitohous Plants. 

In the stndv of these plants the student is advised to read 

earctully Mr. Darwin’s work on the subject, and verity, ly means 
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of good speciineiis , of Drosera rotmidifolm, the facts there ro» 
corded. Studeots are- reminded that Mr. Darwiifs ohservatioiis 
were made - the simplest appliances, and with a degree of 
care nev^'r (excelled. 

For independent study abundant material may be found in the 
common Sarracenias of the I^orth and Bouth, in regard to wliieii 
very much still remains to be learned. 


XXL Ciioss-Feetilizatiok. 

For this study, ' repeat;. the fobservatioiis of Darwin as the\' 
are given in his work on Cross and Self Fertilization ; or if that 
is not at hand, as, they- are brieiSy stated in the ubstraet in the 
present volume, pages 448-450. 


XXII. HvBRrDizrKG. 

With the precautions given on page dfiCl the student should 
be able to undertake, experiments in liybih I i/Jiig specic^s of ilto 
following common genera, all of whieh kmd lliciiisclvc.s readily 
to this process : Nieotiana, ..Yerbascuin, Liliunp etia Uv 
ful to exclude foreign pollen in all cases. 


X.XIIL The lirpKxrNQ' of Fruits anj.) Sukuk, 

Good material, for this 'study is alforded by the following 
plants ; Solaniim, Impatiens, Pyrus, Friiium, ami Pccoiim. 


XXI Y, Gehminatiox. 

Select sound seeds of ' some common plant, for iiiRtaiice beans 
of ‘Indian com, .and, test with them the truth of the following 
statements : (1) Water, is ■essential to germination. (2) Cicrini- 
nation, cannot begin without access of free oxyg(m. {:b) Si^eds 
of the plants selected require the. same temperature for tin.' be- 
ginning of gemnnation. ■ (4). When the [iroeess of germination 
has once begun, light is necessary to any increase of the plant in 
dry substance (compare e:s:periment Series I, .No. IL). (5) (’or- 
bonic acid is constantly given off during germliiatioin (lb In 
.some cases carbonic a.cid will continue to he evolved even winui 
no more ox.ygea is supplied (compare intramoletfiilar rc'spim- 
tion). ^ (7) The temperature of germinating seeds is higher than 
.that. of ..the surrounding atmosphere (compare respiration). 

What is the . optimum amount of water required for the spcaaly 
germination .of -the; following' seeds, — Windsor beans, peas, 
clover, squash, and sunflower? 


EFFECTS OF FROST. 
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Wtiat is tlie optimum amount of ox^^gen required? 

Wluit is the optimum temperature required? 

Compare the' precocity of unripe and ripe seeds of any plant. 


X X¥, Effects of frost. 


Wrap up a leaf of Begonia in thin rubber-cloth, to protect it 
from moisture, and place it in a ireezing mixture of powdered 
ice and salt. AfUu' an lioiir examine the tissues of the leaf with 
special reference to any mechanical injury which they may have 
siistaiiied. Having completed this preliminary study, ' proceed 
to tlie examination of any well-developed seedlings, and note in 
every case (B the effect produced upon the parts which have 
been quickly tliaweil ; (2) the effect where thawing has been 
allowed to go on very slowly. 

FrciVA* any strong seedlings and after a time thaw them 
slow!)'. Pia(*c‘ them then under favorable conditions for growth, 
111 order to ascertain wiiether their vitality has been destroyed. 
In castes where deatli of the part or plant ensues, does it appear 
to come from the freezing or from the thawing? 
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TABLE 0¥ MEASUEES, 


Measures of Length.. „ 

Incliea. 

Meter. 

Millimeter 

Micro-millimeter {fi) the unit of microscopic, measttremeiit . 0.0illl03!i 


Measures of Capacity. 

Plots. Cisbir !ntiu**«, 

Liter, ; , , , . . , . 1,761 » . 61.027i^r> 

Cubic centimeter or milliter .■ .06176 , 0.06 lUO 

Measure of Weight. ^ . 

Grams, 

Gram ..... . 15.46!2yo 


Measures of Tempeeatuee. 


Centigrade, 
or Celsius. 

Fahrenheit, 

Keanmr. 

Centigrade, 
or Ceislus. 

o 

o 

0 

o 

+100 

+212 

+80 

+ 16 

90 

194 

72 

15 

80 

176 

64 

14 

70 

158 

66 

13 

60 

140 

48 

12 

60 

122 

40. 

11 

49 

120.2 

39.2 

10 , j 

48 

118.4 

38.4 

9 ! 

47 

116.6 

37.6 

8 

46 

114.8 

36.8 

7 

46 

113 

36 

6 

44 

111.2 

35.2 

6 

43 

109.4 

34.4 

4 

42 

107.6 

33.6 

a 

41 

105.8 

32.8 

2 

40 

104 

32 

+1 

89 

102.2 

31.2 

0 

38 

100.4 

30.4 


37 

98.6 

29.6 

2 

36 

96.8 

28.8 

3 

36 

•95 

28 

4 

34 

93.2 

27.2 

5 

33 

91.4 

26.4 

a 

32 

89.6 

25.6 

7 

31 

87.8 

24.8 

8 

30 

86 

24 

9 . 

29 

84.2 

28.2 

10 

28 

82.4 

22.4 

. 11 

27 

80.6 

21.6 

12 

26 

' 78.8 

20.8 

13 

26 

77 

20 

14 

24 

76.2 

19.2 

I ■ 15 

23 

73.4 

18,4 

16 

22 

71.6 

17.6 

17 

21 

69.8 

16.8 

^ : 18 

20 

68 

16 

. "'lO : 

19 

66.2 

15.2 

, 20 : 

18 

64.4 

14.4 

' 30 

17 

62.6 

13.6 

—40 


Fahrenheit. 


+m.B 

7)0 

157.2 

55.4 

58.6 
51, » 
50 
4H.2 

46.4 

44.6 

42.8 
41 

80.2 

87.4 

85.6 
+ 88.8 
-■-82 
-80.2 

28.4 

26.6 

24.8 
28 

21.2 

1114 

17.6 

15.8 
14 

12.2 

10.4 

8,6 

6.8 

5. , 

S.2 

1.4 

—0.4 


Ri%iuiir. 


4 

22 

-40 


+ 12.8 

12 

11,2 

10.4 
fl6 

8.8 

8 

7.2 

6.4 

5.6 

4.8 
4 

8.2 

2.4 

1.6 

+0.8 

0 

— 0.8 

1.6 

2.4 

8.2 

4 

. 4.8, 
5.6 

6.4 

7.2 
8 

8.8 
0.0 

10.4 

11.2 
12 

12.8 

18.0 

14.4 

15.2 
16 
24 

~«:>2 


